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ABSTRACT 


The  conjunctival  microvasculature  was  studied 
in  fifty- seven  diabetics  and  sixty-six  non-diabetics. 

Both  samples  of  subjects  fulfilled  a  number  of  strict 
criteria  before  they  were  accepted  for  this  study. 

The  temporal  aspect  of  the  bulbar  conjunctiva 
of  the  right  eye  in  each  subject,  both  diabetic  and 
non-diabetic,  was  photographed.  Three  photographs, 
containing  at  least  one  vessel  pair,  were  taken  in 
the  region  midway  between  the  limbus  and  outer  canthus. 

The  resulting  negatives  were  projected  on  to  a 
screen  located  a  fixed  distance  from  the  slide. 
Measurements  were  taken  of  arteriolar  and  venular 
diameters.  These  measurements  were  then  converted  to 
a  measure  of  the  vessel ' s  cross-sectional  area® 

Three  comparisons  were  made  between  the  two 
samples,  using  the  Standard  Error  of  the  Difference 
between  Means.  The  three  comparisons  were: 

(1)  -Mean  arteriolar  cross-sectional  areas. 

(2)  -Mean  venular  cross-sectional  areas. 

(3)  -Mean  V/A  ratios 

A  fourth  comparison  was  made  between  the  V/A  ratios 
of  two  vessel  pairs  in  the  same  individual,  both  diabetic 
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and  non-diabetic,  using  the  Wilcoxon  Test  for  the  Paired 
Case . 

Within  the  limits  of  this  study,  the  following 
conclusions  have  been  made. 

1.  There  is  no  significant  difference  between 
mean  arteriolar  cross-sectional  areas  of 
diabetics  and  non-diabetics. 

2.  There  is  no  significant  difference  between 
mean  venular  cross-sectional  areas  of  diabetics 
and  non-diabetics„ 

3.  There  is  no  significant  difference  between 
mean  V/A  ratios  of  diabetics  and  non-diabetics. 

4„  There  is  no  significant  difference  between 
mean  V/A  ratios  of  two  vessel  pairs  in 
the  same  individual  in  the  diabetic  sample <, 

5.  There  is  no  significant  difference  between 
mean  V/A  ratios  of  two  vessel  pairs  in  the 
same  individual  in  the  non-diabetic  sample. 

In  this  thesis,  a  result  is  considered  significant  if  the 
calculated  probability  is  less  than  P  =  .01. 
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CHAPTER  I 


INTRODUCTION  &  STATEMENT  OF  THE  PROBLEM 


.  :i  ’O 


INTRODUCTION: 


Diabetes  may  be  defined  as  "A  chronic  disease  of 
varying  severity,  genetically  determined,  characterized 
by  abnormal  carbohydrate  metabolism  and  associated 
with  a  deficiency  of  insulin  activity,  either  absolute 
or  relative,  and  an  increased  incidence  of  degenerative 
vascular  disease". 

The  concept  of  diabetes  as  a  primary  microvascular 
syndrome  has  gained  increasing  popularity  in  recent 
years  (11,  16,  46) .  Evidence  for  this  concept  of 
"capillaropathia  diabetica  universalis"  lies  in  the 
demonstration  of  thickened  basement  membranes  in  almost 
every  tissue  of  the  body  (11) .  Similar  changes  in  the 
glomerulus,  and  ear-lobe  have  been  demonstrated  in 
prediabetics  who  show  no  abnormality  in  carbohydrate 
tolerance  (18) .  Ditzel  and  his  colleagues,  in  various 
publications  (23,  25) ,  claim  to  have  found  in  vivo 
changes  in  the  blood  vessels  of  the  conjunctiva  which 
enable  one  to  distinguish  a  diabetic  from  a  non-diabetic. 
These  changes  consist  of  venular  distention  with 
alteration  of  the  V/A  ratio,  capillary  elongation  with 
angularities  and  tortuosities,  and  edema  of  the 
conjunctiva.  Similar  changes  are  said  to  be  present 
in  significant  numbers  in  the  children  of  diabetic  mothers 
(28)  and  in  prediabetic  patients  (18) „ 
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If  these  changes  are,  in  fact,  reliable,  the  clinician 
would  have  a  useful  diagnostic  tool  for  the  detection 
of  diabetes.  Since  eighty  percent  of  the  diabetic 
population  are  over  45  years  (53)  and  since  the  majority 
of  people  in  this  age  group  are  exposed  to  an  ophthal¬ 
mologist  for  correction  of  their  presbyopia,  routine 
photography  of  the  conjunctival  vascular  bed  might  indeed 
provide  a  means  for  the  detection  of  Diabetes  Mellitus 
in  the  earliest  stages. 

Of  the  conjunctival  vascular  changes  claimed  to  be 
present  in  diabetes  mellitus,  only  two  can  be  measured 
with  any  precision;  these  are  the  diameters  of 
the  venules  and  arterioles,  expressed  as  a  V/A  ratio. 

Other  changes,  such  as  capillary  elongation  and  tortuosity 
are  only  impressions  and  as  such  are  difficult  to  measure 
with  any  degree  of  precision. 

It  is  the  purpose  of  this  investigation  to  study 
the  conjunctival  microvasculature  in  diabetic  and  non¬ 
diabetic  populations  in  an  attempt  to  corroborate  the 
claims  of  Ditzel.  A  representative  section  of  the 
bulbar  conjunctival  vascular  bed  on  the  temporal  side  of 
the  right  eye  is  to  be  examined  and  photographed  in 
triplicate  in  all  subjects.  The  corresponding  diameters 
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of  paired  arterioles  and  venules  will  be  measured  from 
each  photograph  and  these  measurements  will  be  expressed 
as  a  V/A  ratio. 

THE  PROBLEM: 

The  main  problem  involves  a  comparison  of  conjunctival 
V/A  ratios  between  diabetic  and  non-diabetic  samples  to 
see  whether  any  significant  difference  exists. 

SUBSIDIARY  PROBLEMS: 

Subsidiary  to  the  main  purpose  of  this  study  are 
several  other  problems  which  will  be  investigated  con¬ 
currently: 

(1)  To  establish  the  amount  of  variation  in 
venular  diameter  in  the  two  samples  and 
to  compare  the  mean  venular  diameters 
of  the  two  groups. 

(2)  To  determine  the  amount  of  variation  in 
arteriolar  diameters  in  the  two  samples 

and  to  compare  the  mean  arteriolar  diameters 
of  the  two  groups. 

(3)  To  see  whether  the  V/A  ratio  varies 
significantly  between  the  two  pairs  of 
vessels  in  the  same  person,  whether  diabetic 


or  non-diabetic 
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CHAPTER  II 


REVIEW  OF  THE  LITERATURE 


REVIEW  OF  THE  LITERATURE 


The  concept  of  diabetes  mellitus  being  a  micro- 
vascular  disease  has  gained  increasing  popularity  in 
recent  years.  Since  Ballantyne's  excellent  monograph 
in  1943  (9),  there  have  been  many  reviews  on  the  subject. 

More  recently,  evidence  for  the  presence  of  micro¬ 
angiopathy  in  diabetes  has  been  demonstrated  in  the  form 
of  thickening  of  the  basement  membranes  in  the  walls  of 
capillaries  in  many  tissues  of  the  body,  viz:  ear  lobe 
(18),  ciliary  process  of  the  eye  (62)  ,  glomerulus  (14,  16, 

21,  22,  30,  55) ,  inner  ear  (41)  ,  mammary  gland  (44)  ,  muscle 
(13,  63),  skin  (1,  2,  51,52),  peripheral  nerves  (33,60), 
conjunctiva  (34)  ,  gastrointestinal  tract  (4)  and  pituitary  (32) . 

Numerous  in-vivo  studies  have  demonstrated  evidence 
of  microvascular  disease,  including  Megibow's  studies 
with  the  plethysmograph  (49)  and  the  demonstration  of 
increased  capillary  fragility  by  Barnes  (10)  and  Handelsman 
(38)  . 


In  1954,  Ditzel  and  Sagild  (23)  published  the  first 
of  several  reports  regarding  their  studies  of  the 
conjunctival  microvasculature.  In  a  further  report  (24) 
two  years  later,  they  divided  changes  in  the  conjunctiva 
into  two  groups:  (See  Table  I) 

A.  Those  due  to  aging  but  accelerated  by 
the  diabetic  process, 

B.  Those  independent  of  age  and  specific  for 
the  diabetic  process. 
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TABLE  I 


CHANGES  IN  THE  CONJUNCTIVAL  VASCULAR  BED  IN  DIABETES 
MELLITUS  (According  to  Ditzel  (24)  ) , 


A.  CHANGES  DUE  TO  AGING  BUT  SPEEDED  UP  BY  THE 

DIABETIC  PROCESS 


(a)  Vascular : 

i.  Arteriolar  wall  irregularities 

ii.  Venular  wall  irregularities 

iii.  Venular  sacculations 


( b )  Perivascular : 

i.  Conjunctival  haemorrhages 
ii0  "Hyaline11  infiltration 


B .  CHANGES  INDEPENDENT  OF  AGE  AND  SPECIFIC  FOR 

THE  DIABETIC  PROCESS; 


(a)  Vascular  s 

i  .  Altered  V/A  ratio 

-  Venular  dilatation 

-  Mild  arteriolar  constriction 

iie  Capillary  elongation 

-  Hairpins 

-  Cor screws 

-  Angularities 


(b)  Perivascular ; 


i 


Edema  of  the  conjunctiva 


. 


*  * 1 
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The  only  vascular  changes  in  the  conjunctiva  which 
can  be  measured  precisely  are  venular  and  arteriolar  diameters 
expressed  as  a  V/A  ratio.  There  is  a  considerable  difference 
in  the  range  of  reported  values  for  the  V/A  ratio  in  normal 
subjects.  Ditzel  (23)  claimed  that  all  normal  V/A  ratios 
lie  between  3:1  -  2:1.  Bech  (12),  found  ranges  of 
4.5:1  -  1:1  in  his  24  normal  controls.  Meighan  (50), 
in  sixty  normal  subjects,  found  ranges  of  4:1  -  2:1.  Landau 
&  Davis  (43)  found  a  fairly  constant  ratio  of  3:2  in  normal 
subjects  which  increased  to  between  4:1  -  6:1  in  the 
presence  of  arteriosclerosis. 

Bech  (12)  found  a  variation  in  the  V/A  ratio  of 
different  pairs  of  vessels  in  the  same  person.  This 
variation  was  greater  in  normals  than  in  diabetics. 

No  correlation  between  age  and  V/A  ratio  was  noted 
by  Bech  (12)  or  Landau  (43) .  Ditzel  (24) ,  however  found 
smaller  V/A  ratios  in  older  diabetics  and  normals. 

Both  Ditzel  (25)  and  Bech  (12)  found  no  relation 
between  V/A  ratio  and  duration  of  diabetes.  No  relation¬ 
ship  has  been  found  (26)  between  V/A  ratio  and  blood  sugar 
levels  or  insulin  dose. 

Ditzel  (26)  found  a  diurnal  variation  present  in 
venules.  The  maximal  dilatation  was  in  the  forenoon 
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while  minimal  dilatation  was  seen  in  late  afternoon. 

Although  this  may  roughly  correspond  to  the  diurnal 
fluctuations  of  glucocorticoids,  no  relationship  between 
infused  ACTH  and  venular  dilatation  was  found  (26) . 

Ditzel  (28)  demonstrated  conjunctival  vascular  changes 
in  the  children  of  diabetic  mothers.  These  consisted  of 
capillary  elongation  with  angularities  and  tortuosities 
in  48%  of  the  children  compared  to  4%  of  controls.  43% 
of  the  offspring  of  diabetic  mothers  had  abnormal  V/A  ratios 
above  3:1;  the  V/A  ratio  in  controls  was  always  less  than 
3:1. 

Camerini-Devalos  et  al.  (18) ,  in  an  extensive 
study  of  prediabetics,  found  92%  had  a  V/A  ratio  significantly 
larger  than  the  mean  of  2.29  (?0.26)  found  in  the  control 
group. 


The  presence  or  absence  of  microaneurysms  outside 
the  retina  in  diabetes  mellitus  has  been  a  subject  of 
much  controversy.  Ashton  (6)  made  flat  preparation  of 
twenty-one  post-mortem  conjunctivae  and  failed  to  find 
evidence  of  microaneurysm  formation.  Ditzel  (23)  found 
microaneurysms  in  an  equal  proportion  (4%)  of  both  diabetic 
and  non-diabetic  samples.  Friedenwald  (31)  found  micro¬ 
aneurysms  in  5%  of  diabetic  conjunctivae  which  he  con¬ 
sidered  to  be  higher  than  in  the  non-diabetic  population. 
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McCulloch  and  Pashby  (48)  found  saccular  microaneurysms 
in  55%  of  diabetics  and  14%  of  non-diabetics.  These 
findings  were  later  supported  by  Weinstein  and  Forgacs 
(58) .  Funahasi  and  Fink  (34)  found  microscopic  evidence 
of  saccular  microaneurysms  in  63.6%  of  diabetics  undergoing 
cataract  surgery.  All  the  microaneurysms,  however,  were 
found  in  the  exposed  portion  of  the  bulbar  conjunctiva. 

This  emphasized  Cook's  thesis  that  findings  in  the 
conjunctiva  should  be  interpreted  with  some  reservation 
since  this  part  of  the  eye  is  constantly  exposed  to  trauma 
and  inflammation  (20) .  Cook  examined  250  diabetics  and 
250  controls  of  comparable  age  and  found  only  a  slightly 
increased  incidence  of  microaneurysms  in  the  diabetics 
which  he  attributed  to  concomitant  hypertension.  In  short, 
he  was  unable  to  substantiate  the  claims  that  specific 
vascular  aneurysms,  analagous  to  those  in  the  retina,  occur 
in  the  conjunctivae  of  the  diabetic  subject. 
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CHAPTER 


III 


THE  ANATOMY  AND  BLOOD  SUPPLY  OF  THE  CONJUNCTIVA 


- 


THE  ANATOMY  AND  BLOOD  SUPPLY  OF  THE  CONJUNCTIVA 


The  conjunctiva  is  a  thin,  transparent  mucous 
membrane  which  derives  its  name  from  the  fact  that  it 
attaches  the  eyelids  to  the  eyeball  (59) .  It  lines 
the  posterior  surface  of  the  eyelids  and  is  then  reflected 
on  to  the  globe  where  it  becomes  known  as  the  BULBAR 
CONJUNCTIVA,  The  bulbar  conjunctiva  is  so  thin  and 
transparent  that  the  white  sclera  shows  through,  giving 
rise  to  the  n white  of  the  eye."  This  membrane  lies 
loosely  on  the  underlying  tissues.  Up  to  a  point  about 
three  mm.  from  the  cornea  it  is  separated  from  underlying 
Tenon's  capsule  by  loose  areolar  tissue,  the  substantia 
propria,  in  which  lie  the  conjunctival  vessels.  Between 
Tenon's  capsule  and  the  sclera  is  loose  episcleral  tissue 
in  which  lie  the  anterior  ciliary  arteries  which  form 
the  pericorneal  plexus. 

( a )  Structure  of  the  Conjunctiva : 

Duke-Elder  (29)  divides  the  conjunctiva  into  two  layers: 
i«  Epithelial  layer 

✓  Adenoid  layer 
ii.  Substantia  propria^ 

Fibrous  layer 

i.  The  epithelial  layer  varies  in  structure  with  the 
location.  The  tarsal  areas  have  two  to  four  layers  of 


polygonal  and  cuboidal  cells.  The  bulbar  conjunctiva 
is  thicker,  resembling  true  stratified  epithelium,  but 
it  never  becomes  keratinized.  The  basal  cells  may  contain 
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pigment  granules  in  this  region  (59) ,  particularly  near 
the  limbus.  Goblet  cells  are  found  interposed  between 
the  epithelial  cells  especially  in  the  fornices. 
ii„  The  substantia  propria  consists  of  two  portions  - 
a  superficial  adenoid  layer  and  a  deeper  fibrous  layer . 

The  adenoid  layer  consists  of  a  fine  reticular  mesh 
which  contains  lymphocytes.  The  deep  fibrous  layer 
of  the  substantia  consists  of  collagen  and  elastic  tissue. 

In  it  are  the  conjunctival  vessels  and  nerves  supplying 
the  mucous  membrane. 

(b)  Conjunctival  Vessels:  (FIG  1) 

1 .  -  Arteries : 

The  arterial  supply  to  the  conjunctiva  comes  from 
three  sources  (59) : 

-  Superior  tarsal  arcade 

-  Inferior  tarsal  arcade 

-  Anterior  ciliary  arteries 

Of  these  the  superior  tarsal  arcade,  as  far  as  the  upper 
eyelid  is  concerned,  supplies  the  greatest  area. 

(a)  Superior  Tarsal  Arcade: 

The  superior  tarsal  arcade  of  the  upper  lid  is 
located  between  the  two  layers  of  the  levator  palpebrae 
superiores  at  the  upper  end  of  the  tarsal  plate.  Perforating 
branches  penetrate  Muller's  muscle  to  reach  the  conjunctiva 
where  ascending  and  descending  branches  are  given  off. 

The  ascending  branches  pass  upwards  towards  the  fornix,  bend 
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around  and  enter  under  the  bulbar  conjunctiva  as  the 
posterior  conjunctival  arteries,  which  supply  the  entire 
bulbar  conjunctiva  save  for  an  area  four  mm.  wide  around 
the  limbus,  where  they  anastomose  with  the  anterior  con¬ 
junctival  arteries  which  arises  from  the  anterior  ciliary 
artery.  The  descending  branches  of  the  penetrating  vessel 
supply  the  majority  of  the  tarsal  conjunctiva.  The 
superior  tarsal  arcade  of  the  lower  lid  is  a  very  inconstant 
structure  but  when  present  its  location  and  course  is  similar 
to  that  described  for  the  upper  lid. 

(b)  Inferior  Tarsal  Arcade: 

The  inferior  tarsal  arcade  is  the  larger  of  the  two 
and  is  located  in  front  of  the  tarsal  plate,  three  mm. 
from  the  free  edge  of  the  eyelid.  Perforating  branches 
pierce  the  lid  to  reach  the  conjunctiva  at  the  subtar sal 
fold.  These  perforating  branches  divide  into  tarsal 
and  marginal  twigs.  The  tarsal  twigs  anastomose  with  the 
descending  portions  of  the  perforating  vessels  from  the 
superior  tarsal  arcade. 

(c)  Anterior  Ciliary  Arteries; 

The  anterior  ciliary  arteries  arise  from  arteries 
supplying  extraocular  muscles.  Each  muscular  artery 
contributes  two  branches  except  that  to  the  lateral 
rectus  which  only  contributes  one.  These  branches  lie 
in  the  episcleral  tissue  and  four  mm.  from  the  limbus 
they  penetrate  the  sclera  to  serve  deeper  structures.  At 
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this  point  they  give  off  the  anterior  conjunctival  arteries 
which  pass  forward  in  the  episcleral  tissue  and  anastomose 
with  each  other,  forming  a  series  of  arcades  parallel 
to  the  corneal  margin.  Anteriorly  they  form  the 
pericorneal  plexus.  They  send  twigs  back  posteriorly  which 
anastomose  with  the  posterior  conjunctival  vessels. 

2 .  -  Veins : 

Veins  accompany  the  corresponding  artery  but  are 
larger  and  more  numerous.  Their  drainage  is  inconstant 
but  for  the  most  part  they  drain  into  the  palpebral  veins. 
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FIGURE  I 


BLOOD  SUPPLY  OF  THE  BULBAR  CONJUNCTIVA 


14 


(c)  The  Biomicroscopic  Appearance  of  Conjunctival  Vessels 

The  walls  of  the  blood  vessels  are  indistinguishable 
from  the  sclera  and  are  difficult  to  discern.  What  is 
usually  studied  is  a  red  column  of  blood  which  changes 
in  diameter  as  it  moves  from  one  vessel  to  another  (15) . 

The  tissue  of  the  bulbar  conjunctiva  is  wet  and 
glistening  in  health  and  the  vessels  are  easily  seen. 
However  in  the  presence  of  edema  the  arterioles,  which 

lie  slighly  deeper  than  the  venules,  become  indistinct 

% 

(15) .  For  accurate  analysis  of  the  conjunctival  micro¬ 
vasculature,  the  various  type  of  blood  vessels  which 
exist  there  must  be  correctly  identified.  Five  types 
of  vessels  can  be  identified:  (FIG. II) 

i .  Arterioles : 

By  definition,  an  arteriole  is  a  small  artery 
with  diameter  less  than  one  hundred  microns. 

The  vessels  are  filled  with  red,  watery  blood 
which  flows  more  rapidly  than  in  the  corresponding 
venule.  The  direction  of  flow  is  always  toward 
progressively  smaller  vessels.  The  calibre 
of  arterioles  is  even  and  regular.  Their 
course  is  relatively  straight. 


. 

3i  w  nit'OP.lft  o  t  9Xo  bnt-  fexeloa  mcni 

s:;r...  .;o  dbifl,  oo.td  io  nr.uJoc  i  a  si  6  .arm  yllfscau 

£  6  f  W  ax  Bv/x-to  'ucncx.  xt  .  .  .1'  :io  sivcaJkd 

Y  ■  ss>  r.tt  ■•  v"7  rj  na  i  .*  '  .ix  pc..  .  a 

* 

i 

rfoirfw  ta©£oi  xa  j'io  erf:  »5©  lo  9rfd  .a-.:  •  xevswoB 

i  »;  i  -  ;•.  ..,x  •*»• . '  >acf  x-'  u/isv  9/ld  net  .  tL».;99b  ylxfpiXf  si  I 
-■aoijn  r cvii^o ntutnoo  x.J  xo  iav  j&rtfi  uoos  iori  ,  ■  U 

. 

*q  t  ov.c*2  ~i  bl  ec  isrjm  t  ;  ta 

t  •  ;  I  c  :  J;xr  .  i 

y:  ;t'jx  ;;.  -;  2X  ?  i'iS'-is  ne  i noli- in i :vsb  y8 

„anc  toirn  iisr-  or-:  i&ti*  sac  f  a  arae  5  xi  iw 

>oo*.d  .  bai  rf'  5  v/  biffll  —r,  •  alssssv  cj; 

pr  t’  <  isn<  d  g.  •:  •»  u  t;sr  j  5iq  x  >t)ic»r  avvol'i  {  oi  y 

<  dri .  v  r.  -  v  ;  ,<v.[  v l&’i  .  i  “x:.:  .  o 

■ 


15 


i i .  Venules : 

The  corresponding  venule  is  generally  larger, 
containing  darker  red,  slower  moving  blood, 
which  flows  progressively  toward  vessels  of 
larger  calibre.  The  course,  in  comparison 
to  arterioles,  is  more  sinuous  and  the 
calibre  is  far  from  regular  with  focal  areas 
of  dilatation  common. 

The  ratio  between  venule  and  arteriole  is  variable. 

The  range  of  normals  varies  with  the  author.  Ditzel 
(24)  claims  all  his  normal  ratios  were  between  2:1  - 
3:1?  Bech  et  al  (12)  found  ranges  of  1:1  -  4:5:1  in 
24  non-diabetics.  Bloch  (15)  says  1.5:1  -  2:1  is  the 
range  of  normal.  Spencer  Meighan  (50) ,  in  sixty  normal 
subjects,  reported  the  following  proportion  of  ratios: 

2:1  -  10% 

3:1  -  66.7% 

4:1  -  23.3% 

Landau  and  Davis  (43)  found  a  constant  ratio  of  3:2. 

iii.  Capillaries : 

Capillaries  are  fine  hair-like  structures 
which  vary  in  diameter,  admitting  1-6  r.b.c. 

(54) .  These  vessels  arise  from  metarterioles 
and  terminal  arterioles,  form  a  fine  network 
throughout  the  conjunctiva,  then  join 
metarterioles  and  venules  distally.  Like 
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capillaries  elsewhere,  many  of  them  are 
collapsed  and  invisible  at  any  given  time  (35) . 

iv.  Metarterioles : 

Metarterioles  arise  from  terminal  arterioles, 
course  through  the  conjunctiva  giving  off 
capillaries  in  their  proximal  portions  and 
receiving  them  in  their  distal  segments.  They 
then  join  with  similar  vessels  to  form  venules. 
They  are  recognized  as  being  larger  than 
capillaries  and  the  blood  flow  within  is 
faster  than  in  adjacent  capillaries, 

v.  Aqueous  Veins: 

Aqueous  veins,  numbering  20-30,  represent  exit 
channels  for  aqueous  humour  which  connect 
Schlemm's  Canal  with  the  conjunctival  and 
episcleral  venules  (5) ,  They  emerge  from  deep 
ocular  structures  2  mm  from  the  limbus  and  are 
seen  maximally  between  one  and  five  and  seven 
and  eleven  o'clock  positions  in  relation  to  the 
cornea.  These  vessels  contain  clear  fluid  or 
fluid  mixed  with  blood,  separated  in  different 
strata,  thus  retaining  their  separate  identities, 

(d)  The  Structural  Unit  of  the  Capillary  Bed;  (FIG.III) 

Using  the  mesentery  of  the  dog  and  the  mesoappendix 
of  the  rat.  Chambers  and  Zweifach  (19)  demonstrated  a 
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FIGURE  II 

TYPICAL  CONJUNCTIVAL  VASCULAR  BED 
(  a:  arteriole?  v:  venule?  c:  capillaries  ) 
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STRUCTURAL  UNIT  in  the  architecture  of  the  capillary  bed. 
They  observed  certain  vessels,  of  capillary  dimension, 
through  which  the  blood  was  flowing  more  rapidly  than 
through  the  capillaries,  adjacent  to  them.  These  vessels, 
which  they  named  metarterioles,  originate  from  terminal 
arterioles,  course  through  the  vascular  bed  only  to 
merge  with  similar  channels  to  form  venules.  Along 
the  proximal  portions  of  metarterioles,  capillaries 
branch  off  and  carry  blood  away.  Along  the  distal 
portion  the  capillaries  drain  blood  back.  Encircling 
the  junction  of  capillaries  in  the  proximal  portion  of 
the  metarterioles  are  smooth  muscle  fibres,  the  pre¬ 
capillary  sphincters,  which  are  under  neuronal  and 
humoral  control.  Capillaries  also  branch  off  terminal 
arterioles  directly  and  also  have  a  pre-capillary 
sphincter. 

This  concept  of  a  structural  unit  was  not  accepted 
by  all.  Webb  &  Nicol  (57)  were  unable  to  distinguish 
thoroughfare  channels  in  the  wing  of  the  bat?  Lutz 
&  Fulton  (47)  observed  vein-to-vein  anastomoses  and 
arteriole-to-arteriole  anastomoses  but  were  unable  to 
distinguish  A/V  communications  as  Chambers  and  Zweifach 
did. 


Regarding  the  conjunctival  vascular  bed,  Lee  Sc 
Holze  (45)  interpreted  their  findings  in  the  conjunctival 
vessels  as  generally  being  in  accord  with  the  concepts 
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of  Chambers  &  Zweifach.  Kunitomo  (42)  in  his  studies 
of  the  conjunctival  microvasculature,  does  not  mention 
A./V  anastomoses.  Grafflin  &  Bagley  (36)  and  Grafflin  & 
Corddry  (37)  stated  they  found  endless,  random  con¬ 
junctival  vascular  patterns  which  did  not  resemble  the 
structural  unit  described  above.  Meighan  (50)  described 
vascular  patterns  in  the  bulbar  conjunctiva  of  man 
which  resembled,  to  a  limited  degree,  that  described 
by  Zweifach  in  the  mesentery  of  animals. 

In  1954  Zweifach  (64)  modified  his  earlier  state¬ 
ments  indicating  that  the  structural  unit  he  described 
in  the  animal  mesentery  was  present  in  other  tissues 
but  in  a  modified  form. 
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VENULE 


STRUCTURAL  UNIT  OF  THE  CAPILLARY 
BED  ACCORDING  TO  ZWEIFACH 


FIGURE  III 


THE  STRUCTURAL  UNIT  OF  THE  CAPILLARY  BED 


CHAPTER  IV 


METHODS  AND  PROCEDURES 
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SELECTION  OF  SUBJECTS: 

Two  populations  of  patients  were  sampled: 
a  Diabetic  and  a  non-Diabetic  (control)  population. 

(a)  Diabetic  Sample: 

57  Diabetic  patients  were  used  for  this  study. 

The  majority  of  these  were  taken  from  the  practice 
of  Dr.  G.  Brown.  The  subjects  were  selected  if 
they  fulfilled  all  the  criteria  set  out  in  Table  II 
(page  22) „ 

(b)  Control  sample: 

66  control  subjects  were  used.  They  fulfilled 
a  rigid  set  of  criteria  as  put  forth  in  Table  III 
(page  23) .  Most  of  these  patients  were  taken 
from  the  Psychiatric  wards  and  were  all  free  from 
any  organic  disease. 

SCREENING  TEST  FOR  DIABETICS  AMONGST  THE  CONTROL  GROUP: 

The  presence  of  Latent  Diabetes  in  the  control 
sample  was  ruled  out  using  the  two-hour  postprandial  blood 
sugar  determination  recommended  by  the  American 
Diabetes  Association.  Every  potential  control  subject 
was  given  a  control  meal  containing  200  grams  of  carbo¬ 
hydrate  (Table  IV#  page  24) .  Two  hours  later  a  blood  sugar 
determination  was  made  using  the  Auto-Analyzer  ferricyanide 
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TABLE  II 


CRITERIA  FOR  ACCEPTANCE  AS  A  DIABETIC: 


1,  Between  the  ages  of  15  and  45  years, 

2,  Diagnosed  as  diabetic  on  the  basis  of 
abnormal  Glucose  Tolerance  Tests  and 
repeated  glycosuria, 

3,  Taking  insulin  parenteral ly, 

4,  Normotensive  (Blood  Pressure  below  150/100) 

5,  No  other  concomitant  eye  disease 
(other  than  retinopathy) 

6,  No  allergies  (hayfever,  etc,) 

7,  No  systemic  disease  which  has  microvascular 
manifestations. 
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TABLE  III 


CRITERIA  FOR  ACCEPTANCE  AS  A  NORMAL  (Control) 


1.  Between  the  ages  of  15  and  45  years,, 

2.  No  family  history  of  diabetes. 

3.  A  two-hour  blood  sugar,  after  a  standard 
meal  containing  200  gm.  of  carbohydrate 
(Table  II)  was  below  110  mgm  %  on  the 
Auto-Analyzer . 

4.  Normotensive  (Blood  Pressure  below  150/100) 

5.  No  eye  disease  present. 

6.  No  allergies  (hayfever  etc.) 

7.  No  systemic  disease  which  has  microvascular 
manifestations. 

8.  No  signs  or  symptoms  of  Pre-Diabetes: 

i  Repeated  miscarriages 

ii  Babies  over  ten  pounds 

iii  Toxaemia 

iv  Hydr amnios 

v  Symptoms  hypoglycemia 

vi  Repeated  premature  babies 

vii  Repeated  stillbirths 
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TABLE  IV 


STANDARD  TEST  BREAKFAST  CONTAINING  200  GRAMS  OF  CARBOHYDRATE 


1  Cup  sweetened  Fruit  Juice 


Carbohydrate  Content 
60  gms. 


1  Cup  Cooked  Cereal  with  two  60  gms. 

Tablespoons  sugar  (15  gms  each) 

3  Slices  toast  with  liberal  amounts  60  gms, 
of  jam. 

1  cup  milk  12  gms. 

1  cup  coffee  with  2  lumps  sugar  10  gms. 


200  gms. 
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method.  Only  those  people  with  a  blood  sugar 
reading  below  110  mgm  %  were  included  in  the 
control  group.  Only  a  very  few  persons  with  a 
normal  two  hour  post-prandial  sugar  determined  in 
this  manner  will  have  a  diabetic  glucose  tolerance 
curve. 
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THE  EQUIPMENT; 

A  Bausch  &  Lomb  Universal  Slit  Lamp  was  used  for  all 
examinations  of  the  bulbar  conjunctiva* 

(a)  The  Microscope  (FIG  IV,  page  29) 
Essentially,  the  microscope  is  a  binocular 
type  fitted  with  a  revolving  nosepiece  which 
carries  two  paired  objectives.  All  the 
observations  were  done  using  a  lOx  ocular 

in  conjunction  with  an  objective  of  focal 
length  40.0  mm.  There  are  two  knobs  for 
adjusting  the  instrument:  Knob  (A)  allows  the 
microscope  to  be  racked  forward  and  back:  knob 
(B)  allows  for  a  range  of  up  and  down  movement. 

(b)  The  Instrument  Table  (FIG  IV,  page  29) 

The  table  which  supports  the  microscope  may 
be  raised  and  lowered  using  the  hand  wheel 

(c)  and  can  be  locked  at  any  height  by  the 
knob  (D) * 

(c)  Head  and  Chin  Rest  (FIG  V,  page  30) 

The  head  and  chin  rest  (G)  allows  for  immobil¬ 
ization  of  the  subject's  head.  The  apparatus 
has  three  adjustments:  the  chin  can  be  raised 
or  lowered  by  the  knurled  ring  (H)  in  order 
that  the  head  rest  will  conform  to  the  length 
of  face  of  various  persons. 


:rr.  L  .1 


l  * 

svidom/tnoo  o£i;iuc  e  i  io  andJb^nlmsx  .1 

/ 

((  :>sq  s  vi  ,v  )  a  :■  a© NLi  i.  ;  ••• 

. 

■ 

. 

7,0 31  id-'flK  ov/'t  1  jL^i  •'  »  T  I  .  O* 

?r!i  ewo.CJjJ  (A)  C' otiJi  six.  \U1U  Mil  >,i  .ULl'OB 

■ 

.  i.  -O'.  •••  i..’  ./  •"  f  £  'V: 

(  >£  oq  > VI  03 V )  «  »T  in  . /  •  t’  •  1  ^  P  <d) 

if  J  ;D  j  1  :  f  /"Of  f  >d  aco  i-  vO) 

«  (Cl)  Jon* 

' 

a/rifr  isq 

. 

.  ‘V  .  J  V 


27 


The  head  rest  can  be  tilted  by  means  of  the 
screw  (I)  .  The  entire  head  and  chin  rest  can 
be  rotated  about  a  vertical  axis  by  loosening  a 
set- screw  (J) . 

(d)  The  Illuminating  System  (FIG.V,  page  30) 

The  light  source  for  the  illuminating  system 
comes  from  a  19  volt  2^  amp,  lamp  (K) ,  having 

a  straight  heavy  filament,  A  diffusing  lens  is 
used  to  break  up  the  filament  structure  in  the 
image.  The  beam  of  light  is  passed  through 
a  slit  and  an  image  is  formed  by  the  illuminating 
lens  (L) ,  The  resultant  beam  consists  of  COLD 
light  which  cannot  be  felt  by  the  subject  and 
provides  adequate  illumination  for  focussing  the 
mi cro scope, 

(e)  The  Camera  (FIG.  IV/  page  29) 

An  Asahi  Pentax,  single-lens  reflex  camera  (E) 
was  used  for  photographing  the  conjunctival 
vessels.  It  was  attached  to  one  of  the  col¬ 
limator  tubes  of  the  microscope  using  the 
Asahi  microscope  attachment.  The  ocular  was 
left  in  place.  The  camera  was  synchronized  with 
the  electronic  flash  unit  using  a  shutter  speed 
of  1/50  sec.  The  camera  was  fired  using  a  cable 
release  (F)  which  minimized  movement  of  the  camera 
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as  the  picture  was  taken, 

(f )  The  filter; 

A  Kodak  Wratten  Gelatin  filter  #82-A  was  placed 
in  front  of  the  objective  lens  of  the  microscope 
in  order  to  filter  out  the  red,  yellow  and  green 
light  waves  thus  rendering  the  panchromatic  film 
relatively  orthochromatic.  A  very  light  filter 
was  chosen  because  one  could  not  afford  to  have 
too  much  light  absorbed  as  already  a  good  deal  was 
lost  while  passing  through  the  prisms  of  the 
microscope.  Since  such  a  pale  blue  filter  was 
used,  only  a  portion  of  the  red  waves  were 
effectively  filtered  out  (FIG. VI,  page  33) . 
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FIGURE  IV 


BAUSCH  &  LOMB  UNIVERSAL  SLIT  LAMP 
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FIGURE  V 


BAUSCH  &  LOMB  UNIVERSAL  SLIT  LAMP 
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(g)  The  film; 


The  type  of  film  used  was  Ansco  Super -Hypan 


which  was  arrived  at  solely  by  trial  and  error. 
The  film  has  the  following  characteristics: 


Contrast: 


Gamma  values  ranging  from 
0.7  -  0.8. 


Grain: 


Medium;  considerably  finer 
than  that  associated  with 
traditional  high-speed  films. 


-  Speed 


-  500/7° 


-  Resolving  Power  80-90.  lines/mm 


Spectral  sensitivity: 

A  wedge  spectrogram  shows  that  this  film  is  panchro¬ 
matic,  being  sensitive  to  light  waves  between 
4000&  -  64008  (1  X  =  1-10  millionth  mm) . 

Ideally  spectral  sensitivity  should  be  defined  with 
reference  to  a  spectrum  which  contains  equal  amounts 
of  energy  in  each  colour  band.  Since  the  spectral 
quality  of  our  flash  unit  contains  different 
amounts  of  energy  per  unit  wave  length;  the  wedge 
spectrogram  should  be  interpreted  in  light  of  this 
(FIG.  VI,  page  33). 

(h)  The  Flash  Unit  (FIG.  V,  page  30) 

A  Speed-Light  Close-up  ring  (M)  of  diameter 
3^"  was  used  as  a  light  source  for  exposing 
the  film.  It  was  located  6  -  8”  from  the  con¬ 
junctiva,  and  was  of  the  following  characteristics: 
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Light  output  =  30  watt- seconds 
Colour  temp  =  5800  degrees  Kelvin 
Flash  duration  l/1000th  of  a  second 
Firing  Voltage  =  450  volts 
The  condensor  for  firing  the  Ring  strobe  is 
fixed  to  the  base  of  the  camera. 

Development 

The  film  was  developed  in  "Hyfinol"  a  commercial 
developing  solution.  The  film  was  over-developed  in 
solution  at  65°  F  for  a  period  of  nine  minutes 
(Normal  =  6  minutes)  to  give  maximum  contrast. 
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(A)  SPECTRAL  SENSITIVITY  OF  'ANSCO  SUPER  HYPAN' 


7V  (A)  X IOO 


(B)  SPECTRAL  ABSORPTION  CURVE  FOR  WRATTEN  GELATIN 

FILTER  No.  82  A 


TV  (A) 


(C)  SPECTRAL  QUALITY  OF  LIGHT  FROM  FLASH  UNIT 


FIGURE  VI 


COMPARISON  OF  SPECTRAL  SENSITIVITY  OF  FILM,  SPECTRAL 
ABSORPTION  CURVE  OF  FILTER  AND  SPECTRAL  QUALITY  OF  LIGHT 

FROM  FLASH 
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PROCEDURE : 

The  bulbar  conjunctiva  was  photographed  with  the 
subject  seated  at  the  instrument  table.  The  table's 
height  was  adjusted  to  suit  the  patient  and  his  head 
was  then  placed  in  the  head  and  chin  rest.  The  eyes 
were  then  focussed  on  a  point  off  to  the  patient's  left, 
thus  exposing  the  temporal  portion  of  the  bulbar 
conjunctiva  of  the  right  eye  (T)  (FIG,  VII,  page  35) , 

A  portion  of  the  conjunctiva,  midway  between  the 
limbus  and  outer  canthus  was  selected  and  was  brought 
into  focus  using  the  free  collimator  tube  of  the 
microscope.  The  arm  carrying  the  illuminating  light 
was  maneuvered  to  provide  maximum  illumination  of  the 
conjunctiva  and  facilitate  focussing  of  the  microscope, 

A  portion  of  the  vascular  bed  containing  at  least  ONE 
pair  of  vessels  (an  arteriole  and  venule)  was 
located  at  random  and  three  pictures  were  then  taken 
of  this  selected  area. 

All  photography  was  performed  between  10:00 
and  12:00  in  the  morning  since  this  is  the  period 
of  supposed  maximal  venular  dilatation  (26) , 

MEASUREMENT  OF  VESSELS  FROM  THE  PHOTOGRAPHS: 

The  negative  images  of  the  conjunctival  vascular 
beds  were  selected  at  random  from  a  box  and  projected  on 
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FIGURE  VII 

SUBJECT  LOOKING  OFF  TO  HER  LEFT,  THUS  EXPOSING  THE 
TEMPORAL  PORTION  OF  THE  RIGHT  BULBAR  CONJUNCTIVA  (T) „ 
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to  a  matte  white  screen  using  a  Leitz  35  mm  projector 
with  a  1:2,5/120  mm  lens.  The  screen  was  located  at  a 
fixed  distance  of  five  feet  from  the  slide  (FIG, VIII , 
page  37) ,  Projection  magnified  each  negative  ten 
times  (See  Appendix  B) ,  Calibre  of  the  vessels  was 
measured  using  a  pair  of  calipers,  a  fine  calibrated 
rule  and  a  magnifying  glass  (FIG, IX,  page  38), 

After  measurements  had  been  taken  with  the  calipers, 
they  were  applied  to  a  fine  calibrated  scale  and 
readings,  in  arbitrary  units,  were  taken  with  the  aid 
of  a  magnifying  glass  to  ensure  the  most  accurate 
readings  possible  (FIG,  X,  page  39) , 

TEN  measurements  were  made  of  the  diameters  of  the 
arterioles  and  venules  of  each  vessel  pair.  Where 
two  pairs  of  vessels  were  visible  in  one  picture, 
ten  measurements  were  made  of  EACH  pair. 

Each  diameter  measurement  was  used  to  obtain  the 

approximate  cross-sectional  area  of  the  vessel, 

2 

(Formula  =  T  d  /4) ,  The  ten  cross-sectional  areas 
for  each  arteriole  were  then  summated.  Since  TT  and 
4  are  constants  for  every  calculation  they  may  be 
ignored,  and  the  diameter  alone  is  then  squared  for 
each  measurement. 

The  mean  cross-sectional  area  of  each  arteriole 
and  venule  is  thus  obtained  from  the  ten  measurements 
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MATTE 

WHITE 

CARDBOARD 

SCREEN 


FIGURE  VIII 

FIGURE  SHOWING  PROJECTOR  WITH  SLIDE  LOCATED  FIVE 
FEET  FROM  A  MATTE  WHITE  SCREEN 


. 
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FIGURE  IX 

* 

FIGURE  SHOWING  CALIBRATED  RULE  (A) ,  MAGNIFYING  GLASS  (B) 
AND  CALIPERS  (C)  USED  IN  MEASURING  THE  VESSELS 
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FIGURE  X 


FIGURE  SHOWING  TECHNIQUE  OR  TAKING  READING  OF  THE  CALIPERS 
USING  CALIBRATED  SCALE  AND  MAGNIFYING  GLASS 
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and  these  are  the  figures  which  are  included  in  the 
tables  from  which  the  results  are  derived.  The  mean 
cross-sectional  area  of  each  venule  is  divided  by  the 
mean  cross-sectional  area  of  the  corresponding  arteriole 
and  the  resultant  V/A  ratio  is  expressed  as  a  decimal 
fraction. 

The  calibre  values  were  converted  into  total 
cross-sectional  area  because  the  latter  expresses 
"vascular  capacity"  more  accurately  than  does  the  sum 
of  calibres  (i.e.  diameters).  The  following  example 
(FIG, XI ,  page  41)  shows  the  fallacy  of  non-conversion. 

Four  measurements  made  of  two  vessels,  show  the 
following  diameters:  10,  10,  12,  12  and  10,  10,  8, 

16  units.  If  the  sum  of  the  diameters  is  taken  to 
represent  vascular  capacity,  then  the  circulations  are 
equal.  However  if  the  cross-sectional  areas  of  the  vessels 
are  the  criteria  of  capacity,  then  converting  the  diameters 
into  the  corresponding  cross-sectional  area  reveals 
that  the  second  vessel  has  the  larger  vascular  capacity. 

STATISTICAL  TREATMENT: 

The  following  variables  vere  recorded  in  both  the 
diabetic  and  non-diabetic  samples  for  each  arteriole- 
venule  pair : 

(a)  Mean  arteriolar  cross-sectional  area, 

(b)  Mean  venular  cross-sectional  area. 

(c)  V/A  ratio  in  terms  of  a  decimal  fraction 
for  each  pair  of  vessels. 
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CALIBRE 


Total 

Calibre 


2k. 

b 

C 

d 

I0*I0*I2»I2  »  44 units 


c  | 

f 

V 

,J 

C3 

10*10*8  +  16  =44  units 


TOTAL  CROSS-SECTIONAL  AREA 

(tcvo.) 


I22<  unit! 


5^4^87  = 

130  \  unit* 


FIGURE  XI 

ILLUSTRATION  SHOWING  THE  FALLACY  OF  NON-CONVERSION  OF 
DIAMETER  MEASUREMENTS  TO  MEAN  CROSS-SECTIONAL  AREAS, 
WHEN  ESTIMATING  VASCULAR  CAPACITY 


IX 
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The  mean  arteriolar  cross-sectional  areas, 
venular  cross-sectional  areas  and  V/A  ratios  of  diabetic 
and  non-diabetic  samples  were  plotted  on  frequency- 
distribution  curves.  Three  comparisons  were  made: 

(1)  Between  the  V/A  ratios  of  diabetics  and 
non-diabetics. 

(2)  Between  the  mean  venular  cross-sectional 
areas  of  diabetics  and  non-diabetics. 

(3)  Between  the  mean  arteriolar  cross-sectional 
areas  of  diabetics  and  non-diabetics. 

Intra-individual  variation  of  V/A  ratios  in  the 
diabetic  and  non-diabetic  samples  was  calculated  when 
more  than  one  V/A  pair  was  present  in  the  photograph. 
This  test  of  variation  was  performed  using  the  Wicoxon 
Test  for  the  Paired  Case  (3) . 
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RESULTS; 

Studies  were  carried  out  on  57  diabetics  and 
66  non-diabetics  (controls) .  All  members  of  both 
groups  were  between  the  ages  of  15  and  45.  The 
frequency-distribution  of  age  groups  is  set  out  in 
two  histograms  (FIG.  XII,  page  45) . 

The  lower  of  the  two  histograms  illustrates 
the  range  of  ages  of  the  non-diabetic  (control)  sub¬ 
jects.  The  upper  shows  a  similar  range  of  ages  for 
the  diabetic  sample. 

In  this  section  the  data  will  be  presented  under 
the  following  headings: 

I  -Total  cross-sectional  area  of  the  arterioles. 

II  -Total  cross-sectional  area  of  the  venules. 

III  -V/A  ratios  in  terms  of  decimal  fractions. 

IV  -Intra-individual  variations  of  V/A  ratio, 

I-  Total  cross-sectional  area  of  the  arterioles: 

Figure  XIII  (page  46)  contains  the  data  on  mean 
cross-sectional  areas  of  conjunctival  arterioles 
for  the  66  non-diabetics.  Figure  XIV  (page  47) 
contains  the  data  on  mean  cross-sectional  areas  for 
the  57  diabetics. 


It  should  be  noted  that  there  is  a  marked  skew 
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to  the  right  for  both  of  these  frequency  distribution 
curves,  A  correction  will  be  applied  later, 

II  -Total  cross-sectional  area  of  the  venules: 

Figure  XV  (page  48)  contains  the  data  on  mean 
cross-sectional  areas  of  the  non-diabetic  conjunctival 
venules  which  accompanied  the  arterioles  presented 
above.  Figure  XVI  (page  49)  shows  similar  data  on 
mean  cross-sectional  areas  of  venules  of  diabetics 
which  also  accompanied  the  arterioles  mentioned 
above.  Again,  the  marked  skew  to  the  right  is  noted 
and  will  be  corrected  later, 

III  -V/A  Ratios  in  terms  of  decimal  fractions ; 

The  V/A  ratios  of  corresponding  venules  and 
arterioles  are  graphically  represented  as  frequency- 
distribution  curves  for  non-diabetic  (FIG,  XVII, 
page  50)  and  diabetic  samples  (FIG,  XVIII,  page  51) , 
Like  the  curves  for  venular  and  arteriolar  cross- 
sectional  area,  these  two  curves  are  also  skewed  to  the 
right. 


Since  a  valid  statistical  comparison  of  means 
can  not  be  done  unless  the  distributions  are  roughly 
symmetrical,  the  observations  listed  in  figures  XIII  - 
XVIII,  (page  46  -  51) ,  were  re-plotted  after  first 
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DIABETICS 
Number  =57 
Mean = 28.97  yrs. 


YRS. 


25-29 

YRS. 


Number=66 
Mean =28.65  yrs. 
Mode=25yrs. 


30-34  35-39  40-45 


FIGURE  XII 

HISTOGRAMS  SHOWING  DATA  BY  AGE  GROUPS  FOR  THE  TWO 

SAMPLES  USED. 
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FIGURE  XIII 

FREQUENCY-DISTRIBUTION  OF  MEAN  CROSS- 
SECTIONAL  AREAS  OF  ARTERIOLES  IN  NON¬ 
DIABETICS 
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N 

= 

57  2 

Mean 

— 
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FIGURE  XIV 


FREQUENCY-DISTRIBUTION  OF  MEAN  CROSS- 
SECTIONAL  AREAS  OF  ARTERIOLES  IN 

DIABETICS. 
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N 

66  2 

Mean 

— 
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FIGURE  XV 


FREQUENCY-DISTRIBUTION  OF  MEAN 
CROSS-SECTIONAL  AREAS  OF  VENULES  IN 
IN  NON-DIABETICS* 


■,  -•  '• 


'  o  •  ..  j 

•  ■■ 

X  -X 

XX  *  -ax 

■  X 
X  X 
X  X 
X 

X  X  *~0I 


X  X  x  X  X  * 

x  x  x  :  x 

X  X  X  X  X 

• '  /  :  y  * 

;  c  .c  -  ,  ^  >  x  ,c  s  4 

*  *  -k  *  i-  r  *  *  *  *  *  v  i  v  * 


V',-  ir  T)T  •' 


J.AA01  £033 -8 2  OHO 
A  ra--v:rv,  • 


49 


20-* 

* 

* 


N  = 

57  2 

Mean  = 

2.77  units 

S,  D.  = 

2.45 

Var.  = 

6.01  2 

Range  = 

.38  -  16.90  units 

Class  width  = 

.83 

*  X 

*  X 

15-*  X 

*  X 

*  X 

*  X 

*  XXX 

10-*  XXX 

*  XXX 

*  XXX 

*  XXX 

*  X  XX  X 
5-*  X  X  X  X  X 

*  X  X  X  X  X 

*  X  X  X  X  X 

*  xxxxxxx 

*XXXXXXXXX  X 


Units 


FIGURE  XVI 


FREQUENCY-DISTRIBUTION  OF  MEAN 
CROSS-SECTIONAL  AREAS  OF  VENULES  IN 

DIABETICS. 
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N 

= 

66 
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= 

5.36 
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= 
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Var . 
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FIGURE  XVII 


FREQUENCY-DISTRIBUTION  CURVE 
V/A  RATIOS  OF  CONJUNCTIVAL 
VESSEL  PAIRS  IN  NON-DIABETICS. 
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FIGURE  XVIII 


FREQUENCY-DISTRIBUTION  CURVE  OF 
V/A  RATIOS  OF  CONJUNCTIVAL  VESSEL 
PAIRS  IN  DIABETICS 
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FIGURE  XIX 


FREQUENCY-DI STRUBUTION  OF  MEAN  ARTERIOLAR 
CROSS-SECTIONAL  AREAS  OF  ARTERIOLES  IN 

NON-DIABETICS 


(Using  Log  10  of  ten  times 
each  Observation.) 
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FIGURE  XX 


FREQUENCY-DISTRIBUTION  OF  MEAN 
ARTERIOLAR  CROSS-SECTIONAL  AREAS 
OF  ARTERIOLES  IN  DIABETICS 


(Using  Logio  of  ten  times  each 
Observation) 
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FIGURE  XXI 


FREQUENCY-DISTRIBUTION  OF  MEAN  VENULAR 
CROSS-SECTIONAL  AREAS  OF  VENULES  IN 
NON-DIABETICS. 


(Using  Log-jo  of  ten  times 
each  observation) 
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FIGURE  XXII 


FREQUENCY-DISTRIBUTION  OF  MEAN  VENULAR 
CROSS-SECTIONAL  AREAS  OF  VENULES  IN 

DIABETICS,, 


(Using  Log^o  of  ten  times  each 
observation) 
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N  = 

66 

Mean  = 

1.62 

S.  D.  = 

0.29 

Var.  = 

.065 

Range  = 

1.02  -  2.39 

Class  width  = 

.07 

20-* 

* 

★ 

* 

★ 

15-* 

★ 

* 

* 

* 


10-* 

* 

X 

* 

X 

★ 

X 

* 

X 

5-* 

X 

X 

* 

X 

X 

* 

X 

X 

X 

* 

X  X 

X 

X 

X 

* 

X  X 

X 

X 

X 

* 

★  *  ★  ★ 

* 

★ 

* 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

* 

* 

* 

* 

* 

* 

* 

* 

★ 

X 

X  XX 


V/A  Ratios 


FIGURE  XXIII 


FREQUENCY-DISTRIBUTION  OF  V/A 
RATIOS  OF  CONJUNCTIVAL  VESSEL 
PAIRS  IN  NON-DIABETICS. 


(Using  Log  of  ten  times 
each  observation) 


X 

X 

X 


X 

* 


X 

X 

★ 


X 


7 


C  X 
*  * 


X 


X 


X 

X 


X 

X 

X 

X 

X 

X 


X 

X 

*  * 


X 


X 

* 


*~0£ 

* 

* 

★ 

* 

*~2 

* 

★ 


..  oiJt  H  AVv 


irt.oc  5*1*01 


*  . 


-  ’?  f  )V.  HI  thIA'1 


santl.j  lo  £Oj  pfiiau) 


57 


N  = 

57 

Mean  = 

1.64 

S  a  D  .  — 

0.27 

Var .  = 

.075 

Range  = 

1.0  -  2.27 
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FIGURE  XXIV 


FREQUENCY-DISTRIBUTION  OF  V/A  RATIOS 
OF  CONJUNCTIVAL  VESSEL  PAIRS  IN  DIABETICS. 

(Using  Locj10  of  ten  times 
each  observation) 
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multiplying  each  variable  by  ten  (to  avoid  any 
negative  terms)  and  then  taking  logarithms  to  the 
base  10  for  each.  This  procedure  proved  to  make 
the  distributions  roughly  symmetrical  as  can  be  seen 
from  Figures  XIX  -  XXIV  (pages  52  -  57). 

STATISTICAL  ANALYSIS;  (See  Appendix  A) 

(a)  Mean  Cross-Sectional  Area  of  Arterioles 

Table  V  shows  the  S.  E.  of  the  Difference  of 
Means  for  the  cross-sectional  areas  of  arterioles 
in  diabetics  and  non-diabetics.  No  significant 
difference  is  evident. 

TABLE  V 

S.E.  OF  THE  DIFFERENCE  OF  THE  MEANS  OF 
CROSS-SECTIONAL  AREAS  OF  ARTERIOLES  IN 
DIABETICS  AND  NON-DIABETICS  (Log10  values) 


Non-Diabetic  Diabetic 


Mean 

0.641 

0.699 

S .  D  . 

0.221 

0.226 

Var , 

0.048 

0.050 

S.E.  of  Difference  of  Means  =  .040 

z  =  1.45  (A  =  .4265) 

p  =  0.1470 

. 
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(b)  Mean  Cross-Sectional  Area  of  Venules: 

Table  VI  shows  the  S.  E.  of  the  Difference  of 
Means  for  the  cross-sectional  areas  of  venules  in  diabetics 
and  non-diabetics.  No  significant  difference  is  evident. 


TABLE  VI 


S.E.  OF  THE  DIFFERENCE  OF  THE  MEANS  OF  CROSS- 
SECTIONAL  AREAS  OF  VENULES  IN  DIABETICS  AND 

NON-DIABETICS  (Log  Q  values) 


Non-diabetic  Diabetic 


Mean 

1.269 

1.345 

S.  D. 

0.274 

0.280 

Var. 

0.075 

0.078 

S.  E.  of 

Difference  of  Means  =  .050 

z  =  1.52  (A  =  .4357) 

p  =  0.1286 

(c)  Mean  V/A  Ratios  of  Conjunctival  Vessel  Pairs: 

Table  VII  shows  the  S.  E.  of  the  Difference  of 
Means  for  the  V/A  ratios  of  conjunctival  vessel  pairs 
in  diabetics  and  non-diabetics.  The  results  indicate 
that  no  significant  difference  is  present. 
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TABLE  VII 


So E 0  OF  THE  DIFFERENCE  OF  THE  MEANS  OF  V/A 
RATIOS  OF  CONJUNCTIVAL  VESSEL  PAIRS  IN  DIA¬ 
BETICS  AND  NON-DIABETICS.  (Log10  Values) 


Non-Diabetics  Diabetics 


Mean 

1.628 

1.643 

S.  D. 

0.292 

0.274 

Var  o 

0.075 

0.078 

S. E .  of  Difference  of  Mea 

ns  =  0.051 

z  =  0.29  (A  =  0.1141) 

p  =  0.7718 

IV  -  Intra-Individual  Variations  of  V/A  Ratio: 

Twenty- two  photographs  from  the  Non-Diabetic 
sample  and  twenty  photographs  from  the  Diabetic 
sample  contained  two  pairs  of  vessels  which  were 
measurable.  In  order  to  see  whether  any  significant 
difference  existed  between  two  V/A  ratios  in  the 
same  person  the  Wilcoxon  Test  for  the  Paired  Case 
was  utilized.  (See  Appendix  A,  pages  83  -  90) 
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TABLE  VIII 


TABLE  SHOWING  THE  PROBABILITY  OF  DIFFERENCES  IN 
V/A  RATIOS  OF  VESSEL  PAIRS  IN  THE  SAME  INDIVIDUAL 
OCCURRING  BY  CHANCE ,  IN  DIABETICS  AND  NON-DIABETICS. 


Non-diabetics  Diabetics 


No.  subjects  with 
two  pairs  vessels 

22 

20 

Positive  ranks 

171 

47 

Negative  ranks 

82 

163 

Probability  that 
difference  might 
have  occurred  by 
chance  alone 

p  =  0.147 

p  =  0.030 

Table  VIII  indicates  that  the  difference  between  two 
V/A  ratios  in  the  same  person  amongst  Non-Diabetics 
is  not  statistically  significant  and  the  difference 
between  two  V/A  ratios  in  the  Diabetic  sample  is  not 
significant  at  a  level  of  significance  of  P  =  .01. 
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DISCUSSION: 

The  bulbar  conjunctiva  was  chosen  for  study 
because  it  is  easily  accessible,  appears  to  be 
embryologically  and  anatomically  related  to  the 
smaller  blood  vessels  of  the  subcutaneous  tissues 
and  can  be  considered  representative  of  this  part  of 
the  vascular  bed  and  it  permits  inspection  of  a 
statistically  valid  sample  of  circulating  blood  (15,27). 

Photographic  Difficulties: 

In  attempting  to  photograph  a  convex  mucous 
membrane  which  is  constantly  moving,  many  difficulties 
have  to  be  overcome.  The  prisms  of  the  microscope 
absorb  a  great  deal  of  light  before  it  reaches  the 
film  and  a  flash  of  sufficient  intensity,  but  still 
innocuous  to  the  eye,  must  be  used.  We  found  a  3^" 
close-up  ring  strobe  with  a  light-output  of  30  watt- 
seconds,  placed  6-8"  from  the  eye  provided  adequate 
illumination  for  exposing  a  fast  film.  In  attempting 
to  render  the  panchromatic  film  we  used,  relatively 
orthochromatic,  a  compromise  had  to  be  reached  between 
the  amount  of  red  light  and  the  total  amount  of  light 
filtered  out.  The  palest  blue  filter  was  used  (Kodak 
82A)  which  filtered  out  about  50  percent  of  the  red 
light  while  still  allowing  enough  light  of  other  wave 


•  :,au:  •aia 


^  u  h?.  c  .  n:^onv'  a o ™  i-srid'  [  700  f.  .1  jJ.  VT 

s Hi  od  eiBsqqfj  *9±cfX«e3oo6  \I ibbs  ai  di  aaujsoecf 
sd  ;  o?  5::. icjloi  vilBOimodB  Site  ylJf rsoxpcl.jy icfina 
;.  :■  »  ;■  ;o'.' f.  ■  1  +0  a  s  £  >0  d  t  •-  : 

j\ 

■  .s  ?  *  so  •:  v.‘.  tEjn^s  ;  1  '-.^bxanoo  ■.  ■'•-■  *  5ns 

b  to  noxdosqsni  ad  era  <q  is  bns  b&d  ibIijoi .hv  erf.; 
o'  i  bocXi  prxdfcluo  4iD  :o  »Xc<.vl~«  oilsv  vl  b  cdaldeda 

t‘n s  xd  ruol.d!t  d  '£  a -trig b  o  pod .  ■ .  3 

*uooum  xevnoo  c  r'qs^poiorfq  od  pal dqmsdds  nl 
1  5  3  r.fr  yam  %pnlv»  rr:  y  j.  ,  ,l:;rtco  s  ribirfw  eno  dd  me  n 

qooao*  o  9,  w  >  f  a  f  iq  s  ?  *emc .  ■  i9vo  dd  od  jv 
ei.t  e  ariose's  dl  sio:  a  ddlil  re  1/5  >b  jeeip  e-  ri^oea'B 

1  ,  -.atfO'i  eV»  beau  acf  .  aun  » *ye  ;  o.  •:  j<  -  -ona  1 

-  ;-sw  0£  lo  du  rdup-df’  I  s  rfd.  w  edoxda  pa  si  qu-ee 0I  0 
&  upt.b  •  e  *  /«  1  (  '•  yo  ‘'rid  /nc  ;.l  -  )  b  f.g  d  •  ;  >>2 

■■  •  da:  •  d  ;s  ■'  \  .  a  ;•  t  cq  »  o  no.d&'a  i  X  x 

viev •  lx,:  rt  v;  >s  ,*  i  li  t  old^vr  d  r  .q  erfd  rteL-'  »i  od 

. 

bo XI  jo  >v;  ?■•*,’  -•  ‘  ■  da-  '.  oe  ,.’'.0 

.'O':  eld  rj  fc-  ».>"■•  ■[  02  duels  d  •:>  r'-3  i  vi  r''  ''AS  8 

' 


63 


lengths  to  be  transmitted,  thus  allowing  adequate 
exposure  of  the  film. 

The  electronic  flash  was  of  1/1000  sec.  duration 
and  was  synchronized  with  the  reflex  shutter.  At  this 
speed,  the  physiological  end-point  nystagmus  which 
is  present  when  the  eyes  look  far  off  in  one  direction 
is  of  no  consequence. 

Our  greatest  problem  with  the  photography  was 
avoiding  glare  from  the  moist  conjunctiva.  Since 
we  were  photographing  a  moist,  convex  surface,  some 
glare  was  inevitable.  It  could  be  minimized,  however, 
by  having  the  flash  at  right  angles  to  an  imaginary 
tangent  to  the  bulbar  conjunctiva,  in  the  region  where 
the  conjunctiva  was  in  focus. 

The  focussing  light  of  the  unit  emitted  a  beam 
of  light  which  was  perfectly  cold  so  that  no  heat- 
induced  changes  were  possible  in  the  conjunctival 
vasculature. 

By  the  nature  of  the  system  used,  no  diaphragming 
was  possible.  Since  the  surface  photographed  was 
convex,  only  the  middle  portion  of  the  film  was  in 
perfect  focus. 

A  relatively  fast  film  was  used  and  for  this 
reason  the  grain  of  the  picture  is  somewhat  coarse. 
Maximum  contrast  was  obtained  by  over-developing  the  film. 
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Discussion  of  Results: 

No  significant  difference  was  found  between 
the  mean  arteriolar  cross-sectional  area,  mean 
venular  cross-sectional  area  or  V/A  ratios  between 
diabetic  and  non-diabetic  sample  groups.  This  is 
clearly  shown  in  tables  V  to  VII  (pages  58  -  60)  . 

These  results  differ  from  some  others  reported 
previously  in  the  literature  for  the  age  group  con¬ 
cerned*  Ditzel  (23,  24)  found  an  altered  V/A  ratio 
in  48%  of  diabetic  subjects  between  the  ages  of  35 
and  55.  Bech  (12) ,  studying  68  diabetics  and  24 
controls  under  fifty  years  of  age  found  that  the 
difference  of  mean  V/A  ratios  between  the  diabetic 
and  normal  samples  was  significant.  (The  value  of  "t" 
lying  between  the  95  -  97.5  percentiles)  . 

This  study  showed  no  significant  variation 
between  two  V/A  ratios  of  different  vessel  pairs 
in  the  same  person  whether  he  was  diabetic  or  non¬ 
diabetic  (Table  VIII,  page  61) .  Bech  found  a 
significant  variation  between  two  V/A  ratios  in  the 
same  person  in  his  non-diabetic  sample  (12) . 

Analysis  of  Methodology: 


Since  the  results  in  this  work  differ  from  those 


:  ..  33 H  3o  ;1Q.C3 7-.VZ>  }:Q 


ne-"»w^9d  n:..foi  e  /  e  ,>ns  t.a:*  tib  Jr>Jbi  j.inpia  ©vf 

" 

>  A\V  'io  B9ix  I^noiioas-aeoio  ‘isli/nsv 


_  Oc  -  8e  *tr;.-sq)  :  '  o.-t  V  -eids*  ni  t«  off.  y  ^ 

b^i-TO.'..r,  s  sfiio  emca  mo'i ;  a^Iwes-x  s^sdi.' 

-fiOD  *>rl:r  io5t  9*3UU-  f  3-j  • :  J'  a  f.  x  latio.tvs'iu 

p  i  m.  -w~  .  3  •:■•  .  i  • 

. 

:.r.  :  bnuol  ope  3o  a  ^  -  r  zbnu  -  iox^noD 

oidodTeib  orfdr  nsewd  *d  soi^  i  A\V  n  snv-o  sons  *'9 

. 

(•  olii  £  sq  d.Vi  -  £<  arfi  n-iDwiad 

.t^X'iivv  ^£UBOi  itnv>  >r  tswong  vbu;:-i  c  b  ' 

g.iXBCT  i.98tsv  insT&ttib  soils'}  A\V  ow3  nsowJ’sd 


,  (SI)  slqr  £>/.  d  r. is c  f  .'-non  B.lr.  ni  i  :  - 


65 


of  Ditzel  and  Bech,  it  is  necessary  to  attempt  to 
find  some  reason  for  these  experimental  differences. 
Certain  differences  in  methodology  will  sub¬ 
sequently  be  discussed: 

(a)  -  Position  of  Subject: 

In  this  study,  the  patient  was  seated  erect  at 
a  slit-lamp  table  as  were  the  patients  of  Bech. 

Ditzel  did  his  photography  with  the  patient  in  the 
supine  position  (23,  24) ,  although  in  one  publication 
he  mentions  doing  some  observations  with  the  patient 
erect  (27)  „  If  a  vessel  were  to  have  some  intrinsic 
defect  in  the  wall  with  loss  of  elasticity,  the 
conjunctival  congestion  which  would  result  with 
the  patient  in  the  supine  position  might  be 
exaggerated.  This  defect  in  vessel  wall  elasticity 
would  not  be  noticed  in  the  erect  position. 

(b)  -  Measurement  of  the  Vessels: 

The  measurement  of  vessels  is  a  procedure 
wrought  with  many  error  factors.  Both  Ditzel  (23) 
and  Bech  (12)  used  ocular  micrometers  for  measuring 
the  diameters  of  vessels.  This  involves  viewing  a 
vessel,  either  in  vivo  or  recorded  on  a  photograph, 
with  the  aid  of  a  measuring  microscope  and  attempt¬ 
ing  to  superimpose  the  image  of  an  ocular  graticle 
on  top  of  the  vessel,  in  order  that  some  measurement 
of  vessel  diameter  might  be  obtained. 
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In  this  study ,  photographs  of  constant 
magnification  were  projected  onto  a  matte  white  screen 
and  measurements  were  than  taken  directly  using 
calipers  which  were  then  placed  on  to  a  fine  scale 
which  was  subsequently  read  with  the  aid  of  a  viewing 
glass  (FIG.  X,  page  39) .  We  felt  that  this  was  a 
more  accurate  method  of  measuring  vessels.  In  order  to 
minimize  the  human  error  factor  in  taking  the  actual 
measurements,  TEN  measurements  of  each  vessel  were 
taken  and  the  mean  of  these  was  then  taken  as  the 
measurement  for  that  particular  vessel.  Bech  took 
five  measurements  of  each  vessel  while  Ditzel  took 
only  three  per  vessel. 

(c)  Mean  Cross-Sectional  Areas; 

As  was  mentioned  previously  (page  40) ,  the 
cross-sectional  area  is  a  better  measure  of  vessel 
size  than  is  diameter.  Figure  XI  (page  41)  shows 
the  fallacy  of  adding  vessel  diameters  rather  than 
cross-sectional  areas.  Ditzel  and  Bech  both  used 
straight  vessel  diameters  in  their  calculations. 

(d)  Subjective  Observations; 

No  attempt  was  made  to  evaluate  microvascular 
changes  which  could  not  be  measured  mechanically.  It 
is  the  opinion  of  the  author  that  subjective  impressions 
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are  of  questionable  value  when  trying  to  make  scientific 
comparisons.  Ditzel  (23)  mentioned  conjunctival 
edema  and  capillary  elongation  as  two  subjective  changes 
which  were  more  common  in  diabetics  than  normals. 

The  value  and  validity  of  observations  of  this  nature 
are  questionable. 

(e)  General  Errors  in  Analysis: 

The  bulbar  conjunctiva  is  constantly  being 
subjected  to  the  trauma  of  the  sun  and  wind,  local 
trauma  due  to  rubbing  and  foreign  substances  (particulate 
matter  like  dust)  and  ocular  infections  (15,  20) . 

For  this  reason  any  changes  found  in  the  conjunctiva 
should  be  interpreted  with  some  caution.  Any  reports 
of  conjunctival  microaneurysms  in  diabetics  have  all 
agreed  that  they  are  found  only  in  that  part  of  the 
bulbar  conjunctiva  which  is  exposed  to  the  elements. 

Ditzel  (23)  was  convinced  that  there  were  changes 
in  the  conjunctiva  characteristic  of  diabetes. 

Bech  (12) ,  to  a  limited  degree,  substantiated  these 
findings.  Other  workers  have  not  been  impressed  by 
any  changes  in  the  conjunctival  vessels  in  diabetes. 

C.  A.  G.  Cook  (7)  in  a  preliminary  study,  failed  to 
confirm  the  conclusions  of  Ditzel  and  his  co-workers. 
Hintz  (39) ,  in  a  recent  publication  from  Poland, 
also  was  unable  to  find  any  specific  changes  in 
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diabetic  conjunctivae.  Ashton  (8)  is  also  of  the 
opinion  that  changes  in  the  conjunctiva  are  non-specific. 

Microaneurysms  which  have  been  reported  in  the 
conjunctiva  in  diabetes  (34,  48/  58)  and  a  variety  of 
disease  differ  from  the  typical  diabetic  microaneurysms 
of  the  retina  both  in  size,  shape  and  number. 

The  incidence  of  microaneurysms  found  by  these 
same  authors  in  the  conjunctivae  of  diabetics,  bear 
no  relationship  to  the  duration  of  the  disease  as 
do  retinal  microaneurysms. 

This  author  was  unable  to  find  microaneurysms 
in  a  significant  number  of  diabetics  which  is  in 
keeping  with  the  findings  of  Ashton  (6)  ,  Ditzel  (23) 
and  Cook  (20) . 

On  the  whole  it  is  probably  the  case  that  no 
gross  changes  specific  to  diabetes  occur  in  the  con¬ 
junctival  vessels  although  there  is  microscopic 
evidence,  in  the  form  of  thickened  basement  membranes 
of  small  vessels  throughout  the  body,  for  generalized 
microvascular  disease. 
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Summary : 

The  purpose  of  this  study  was  to  investigate 
the  conjunctival  microvasculature  in  diabetic  and  non¬ 
diabetic  populations  in  an  attempt  to  corroborate  the 
previous  claims  of  Ditzel. 

Fifty-seven  diabetics  and  sixty- six  non-diabetic 
patients  were  used  in  this  study.  The  diabetics 
fulfilled  a  number  of  given  criteria  (Table  II,  page  22) 
as  did  the  controls  (Table  III,  page  23) .  Diabetes 
was  ruled  out  in  the  control  population  using  a  two- 
hour  blood  glucose  determination  after  a  standard  meal 
containing  200  gm.  Carbohydrate  (Table  IV,  page  24)  . 

Photography  was  carried  out  only  between  the 
hours  of  ten  and  twelve  in  the  morning  since  this 
was  the  supposed  period  of  maximal  venular  dilatation 
reported  by  others  (35) .  The  pictures  were  taken  of 
the  temporal  aspect  of  the  bulbar  conjunctiva  of  the 
right  eye  in  each  subject.  Three  photographs,  con¬ 
taining  at  least  one  pair  of  vessels  were  taken  at 
random  in  the  region  midway  between  limbus  and  outer 
canthus. 

The  resulting  negatives  were  projected  on  to 
a  matte  white  screen  situated  five  feet  distant  from 
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the  slide.  Ten  measurements  were  then  taken  of  each 
venule  and  arteriole  which  comprised  a  vessel  pair. 

The  diameter  measurements  were  then  converted  to  total 
cross-sectional  area,  a  more  accurate  measurement  of 
vessel  size. 

Statistical  analysis  was  performed  using  the 
Standard  Error  of  the  Difference  between  Means  to 
compare:  mean  venular  cross-sectional  area,  mean 

arteriolar  cross-sectional  area  and  mean  V/A 
ratios  between  the  Diabetic  and  Non-Diabetic  samples. 

The  Wilcoxon  Test  for  the  Paired  Case  was  used 
to  evaluate  any  difference  between  two  V/A  ratios  in 
the  same  individual,  either  diabetic  or  non-diabetic. 

Conclusions : 

On  the  basis  of  the  analysis  used  and  within 
the  limitations  of  this  study  the  following  conclusions 
appear  to  be  justified: 

i.  No  difference  of  any  significance,  was 
found  between  mean  cross-sectional  areas 
of  arterioles  in  diabetic  and  non-diabetic 
sample  s . 

ii.  No  significant  difference  was  found  between 
mean  cross-sectional  areas  of  venules  in 
diabetic  and  non-diabetic  samples. 
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iii.  No  significant  difference  was  found  between 
mean  V/A  ratios  for  vessel  pairs  in  diabetic 
and  non-diabetic  samples. 

iv.  No  significant  difference  was  found  between 
mean  V/A  ratios  of  two  vessel  pairs  in  the 
same  person  in  the  diabetic  sample. 

v.  No  significant  difference  was  found  between 
mean  V/A  ratios  of  two  vessel  pairs  in  the  same 
person  in  the  non-diabetic  sample. 

No  significant  difference  was  found  between  any 
of  the  measurable  parameters  of  the  conjunctival 
microcirculation  in  representative  samples  of 
Diabetics  and  Non-Diabetics. 


naswiscf  bniro:;  eew  ta£X8  oft  *ixJ: 

•  ■ 

* 3 oic{'. <■&'*.  oi^&dBib  non  ban 

. 

©r  *<•  i.L  s  i^q  laes  iv  owd  to  «oid©x  A\V  f.r> 
id-tq.TBB  oi:t^Jfiib  v  :j  nx  no-r'©v[  :*m£a 

©msa  arfi  nx  eiinq  lasadv  owi  io  aoida‘1  A\V  riBsm 


tQf:I£  3i  viji  flOO  3f(J  £1  -  £108 'XOq 


yn£  n.  9Wd:  i  fonuol  s  w  ©on  dnsoxiinpia  oft 

XisvidonjJt000  siadams'isq  alds'iirasoim  add  io 


■  ,  -  '  j  :  .  ■  o  Q-  ::■  -i.  e  o  xC£ 


BIBLIOGRAPHY 


-  jj  . 


72 


BIBLIOGRAPHY 


1.  Aeegenes,  O.,  and  Moe,  H.  (1961)  "Light  and 
Electron  Microscopic  Study  of  Skin  Capillaries 
of  Diabetics."  Diabetes  10:253. 

2.  Abulafia,  J.  Faerman,  I.,  Landabure,  P.,  Serantes,N. 
(1964)  "Skin  Capillaries  in  Juvenile  Diabetes  and 
the  Offspring  of  Diabetics".  Excerpta  Med.  74:98. 

3.  Alder,  H.,  and  Roessler,  E.  (1964)  "Introduction 
to  Probability  and  Statistics."  Third  Edition 
W.  H.  Freeman  &  Co. 

4.  Angervall,  L.,  Dotevall,  G.,  Lehmann,  K.  (1961) 
"Gastric  Mucosa  in  Diabetes  Mellitus" .  Acta 
Medica  Scandinavia  169:339. 

» 

5.  Ascher,  K.  (1942)  "The  Aqueous  Veins"  American 
Journal  of  Ophthalmology  25:1174. 

6.  Ashton,  N.  (1949)  "Vascular  Changes  in  Diabetes 
with  Particular  Reference  to  the  Retinal  Vessels". 
Br.  Journal  Ophth.  33:407. 

7.  Ashton,  N.  (1958)  "Diabetic  Microangiopathy" 

Adv,  Ophthalmology  8:1-84. 

8.  Ashton,  N.  (1964)  "Ciba  Foundation  Colloquia  on 
Endocrinology"  Volume  15.  J.  and  A.  Churchill, 

Page  334. 

9.  Ballantyne,  A.  J.  and  Lowenstein,  A*  (1943) . 

"The  Pathology  of  Diabetic  Retinopathy. " 

Tr.  Ophth.  Soc.  U.  Kingdom  63:95-115. 

10.  Barnes,  R.  (1950)  "Capillary  Fragility  Studies 
in  Diabetes  Mellitus  and  the  Use  of  Rutin  in 
Diabetic  Patients".  Am.  J,  Clin.  Sc.  219:368. 

11.  Beaven,  D.  W.  (1965)  "Diabetic  Angiopathy" 
Australasian  Annals  of  Medicine  14:65. 

12.  Bech,  K. ,  Hansen,  E.  Lorentzen,  S. ,  Lundbaek,  K. 
(1960)  "The  V/A  Ratio  of  the  Smaller  Blood 
Vessels  of  the  Bulbar  Conjunctiva  in  Diabetes 
Mellitus."  Diabetes  9:441. 


. 

?  at  wlLiqeD  attfZ  lo  r-2  qob  .onorM  no'j  a; 

•  :  ' r  •  2.  •  ■  oJl£I  :  « ;  ■  ■'  i  * oi  ■  s  ■  '■  tc 

A  * .<?  %©*x/  i zbtwJ  %  ,1  -..rusmif^- •{  .  L  %Bi3tBiAcCA 

.;  s&ct:  i  ?>.v x  li-.j  i  tq*  /  :  (K-iPi : 

. t? :  K  bei LAo-XIX  i/ik  *  “so.*  docteiCI  do  parotqaidG  r-n:.; 

nojtdijba  biirfT  "  .^oiiaidsts  bns  ydi li<l&doi<i  oi 

.  cO  a  n/jiras-j’l  .H  .ty 

(If*  )  tnnacnff;;nl  **£  %I.l6V9Joa  %  *»  %J  LfiV7*pnA  .  *- 

C  £  t :  £  d .  ci :  "•.  fp ^  ?■_  l  b 

ft£  .  »mA  "oo  >V  &x  jejj  >A  o;X.'  :lKr)  .2-  xj&r\z  zA 

.  v  V  XI.-:  .c  £  ^p;.y  n  t-oV 7  '  <  •  .  Jo. _  I ...  a .  ;  jo j . 

, 

,  ■-  txjTf  U  s*f;  r.n  O'  7  rl  J-  iw 

.\TQ*:£  . xfdr'q t.  r  ?,ait/o ' .. ... ,. xQ 

’yr  .  .eqo  tr.  *:  onc>iM  aco  T!"  (8c*ei. ;  .H  ;no-rr'-~  :. 

.  >••'  1:8  YPQ X  oifll  f  y : -  ri a 0  «,  yftA 

.  £££  ©pjE^ 

— 

:  i  •  A  nzsdene  o-J  bns  *L  *A  ,dflYlnfii ii  9 
1 on  j  is, I  didsKiscCI  do  YpoXorf^B^  aKTM 

..  -  Y  - X  oi.  [£  .iAqoO"  (0<  •  0  .H  ?.8.n':6t  .0 

...  nx;.;i.:f  :  <  95  :>ns  to  .II.xs  -.  oo  'odo  tCf  n 

:  .-)?■  A  .  ft:  .  jiI-of-xG 

. 

“•••  f;  .  ;  ...A  f;  :  O  t(  M  ($<>(?  I)  .V  G  vflW£f*8  - 

. 

‘ 

:  .<•  ix/iJ  >.3  %nss:tn© 

n  ■  -  • 

" *audil I©M 


73 


13.  Bencosme,  S.  A.,  West,  R.  o.,  Kerr,  J.  W. , 

Wilson,  L.  (1966)  "Diabetic  Capillary  Angiopathy 
in  Human  Skeletal  Muscles."  American  Journal 
Med.  40:67.  “ - - 

14.  Bergstrand,  A.,  Bucht,  H.  (1957)  "Electron 
Microscopic  Investigations  on  the  Glomerular 
Lesions  in  Diabetes  Mellitus".  Lab.  Invest. 

6:293.  "  ~ 

15.  Bloch,  E.  (1956)  "Microscopic  Observations  of 
the  Circulating  Blood  in  the  Bulbar  Conjunctiva 
in  Man  in  Health  and  Disease."  Springer-Verlag 

16.  Bloodworth,  J.  B.  (1963)  "Diabetic  Microangiopathy" 
Diabetes  12:99. 

17.  Bloodworth,  J.  B.  (1962)  "Diabetic  Retinopathy" 
Diabetes  11:1. 

18.  Camer i ni -Da va lo s ,  R.,  Caulfield,  J.,  Rees,  S., 
Lozano-Castaneda,  O.,  Naldjian,  S. ,  and  Marble,  A. 
(1963)  "Preliminary  Observations  on  Subjects 
with  Prediabetes".  Diabetes  12:508. 

19.  Chambers,  R.,  &  Zweifach,  B.  W.  (1944)  "Topography 
and  Function  of  the  Mesenteric  Capillary  Cir¬ 
culation"  Am.  J.  Anat.  75:173. 

20.  Cook,  C.  A.  G.  (1954)  "The  Significance  of  Conjunc¬ 
tival  Microaneurysms  in  Diabetes  Mellitus".  XVII 
Concilium  Ophthalmoloqicum  Canada  -  U.S.A. 

Page  1878. 

21.  Dachs,  S. ,  Churg,  H.,  Mautner,  W.  Grishman,  E. 

(1964)  "Diabetic  Nephropathy."  American  Journal 
Pathology  44:155. 

22.  Daysog,  A.,  Dobson,  H.,  Brennan,  J.  (1961) 

"Renal  Glomerular  and  Vhscular  Lesions  in  Pre¬ 
diabetes  and  Diabetes  Mellitus".  A  study  of 
Bowel  and  Renal  Biopsies."  Annals  Int.  Med. 

54:672. 

23.  Ditzel,  J.,  Sagild,  U.  (1954)  "Morphologic  and 
Hemodynamic  Changes  in  the  Smaller  Blood  Vessels 
in  Diabetes  Mellitus."  N.  E.  M.  J.  250:541. 

.  Ditzel,  J.  (1956)  "Angioscopic  Changes  in  the 
Smaller  Blood  Vessels  in  Diabetes  Mellitus  and 
Their  Relationship  to  Aging."  Circulation 
XIV:  386. 


24 


*.W  .1*  K„0  «>1  >W  *  ,A  .a  *s>maooni*e 

yrfix^o  pnA  ytusXXXcb  oidte  i^Xa’  (dd9I)  J  ..nosliW 
Xsn  .  re  0  n  ?  .  ^um  M  I  islai?.  r.5/n?jH  nx 

bSlM 

noaSDalS* 

-'ft  LniaroXO  e-fj-  n  anoX  >vnl  '5iqon  "  >*M 

-  •  .  .  -  ■  , .  ;  :  ••  •  ■  •• 

boo  13  gaiJBluozlO 

poX’iaV-'  ;  :C  rqi'i  "  >«aae-?'CT  i  ~J&  d:'  f  SB  ;  XT  x  fl£>M  nr 


I  aa^ed.'iCI 
»•  •  **»*«».«-'  ■>*  ■'■ 

*  '  X  '— * 

' 

[i  2  no  anoi  rxa-.ic'O  v  &ru  ..X .  ac  “  (  c  JX) 

.80c:.:  i©;*  'Jc,  i" .  .‘-dacf  nib©  ■.*■-;  rittXw 

yffq^'igoqofr”  (*><?. '.}  .W  .a  ’  X  U  wS  *  %.XL  vaieci;  srtO  .•€! 

-liD  Y-t^I  f  i  qeO  sX'id^ns&aM 6tfJ  Xo  n . ' id . .>n lj%  bns 

-  iui.  ,o  j  a:  oi?  u.Xfc-  * .  T"  (  ,  D  ,A  ,  >  XcoD  .OS 


,  W  ••  lO  .  xmmtl3V£'*l  %  .  :.  .cl  vFffDfiCI  *i£ 

-i  .  Lr  )(  " .  vTflsqoTj  qeH  o  j&d  (Pd£l) 

*2c  j :  t4  ypoiorfeg 

’  •  '  .  :  ,  arms  -■:?  %  . i '  sdx  /,  „A  yb(I  .£ 

•-  v -  .  A  ,•  o I Xai'i  X<I  bp^r.  aa^&.feib 

.svd:i  a  • 

oi  -  •  i poXoriq^oM**  (£c(?I)  .U  ,  I.  a  a  **L  ,.r/S.f£G  .££ 

. . >  U  ;  02 £  .L  .M  3 _ .Jf  M  . a aXXI I dM  8 ©^ed Bid  nX 


srf^  ftt  ^opn^ifO  olqo^SDi  >i4"  f<  O.Pl)  *T  t  i  ^  /  iG 

•  y  '  H 


74 


25.  Ditzel,  J.  and  Camerini-Davalos,  R.  (1958) 
"Reversibility  of  Venular  Dilatation  and 
Congestion  in  Diabetic  Subjects  over  a 

period  of  Hours."  Proc.  Soc.  Exp.  Biol  and  Med. 
97:475. 

26.  Ditzel,  J.  Beaven,  D.  ,  Renold,  A.  (1960) 

"Early  Vascular  Changes  in  Diabetes  Mellitus" . 
Metabolism  9:400. 

27.  Ditzel,  J.  St.  Clair,  R.  (1954)  "Clinical 
Method  of  Photographing  the  Smaller  Blood  Vessels 
and  The  Circulating  Blood  in  the  Bulbar  Conjunctiva 
of  Human  Subjects."  Circulation  10:277. 

28.  Ditzel,  J.  White,  P.  Duckers,  J.  (1954) 

"Changes  in  the  Pattern  of  the  Smaller  Blood 
Vessels  in  the  Bulbar  Conjunctiva  in  Children 
of  Diabetic  Mothers."  Diabetes  111:99. 

29.  Duke-Elder,  Sir  Stewart  (1961)  -  "System  of 
Ophthalmology"  Vol.  II  London,  H.  Kimpton. 

30.  Farquhar,  M. ,  Hooper,  J.,  Moon,  H.  (1959) 

"Diabetic  Glomerulsclerosis:  Electron  and 

Light  Microscopic  Studies".  Am.  J.  Path.  35:721. 

31.  Friedenwald,  J.  (1952)  "Diabetic  Retinopathy. " 

J.  A.  M.  A.  150:969. 

32.  Frey,  H.  (1959)  "Spontaneous  Pituitary  Destruc¬ 
tion  in  Diabetes  Mellitus".  Journal  of  Clinical 
Endocrinology  19:1642. 

33.  Fageberg,  S.  (1959)  "Diabetic  Neuropathy" 

Acta  Medica  Scandinavia  Supp.  345. 

34.  Funahasi,  T.  and  Fink,  A.  (1963)  "The  Pathology 
of  the  Bulbar  Conjunctiva  in  Diabetes  Mellitus: 

I.  Microaneurysms".  Am.  Journal  Oph.  55:504. 

35.  Gartner,  S.  (1944)  "Blood  Vessels  of  the 
Conjunctiva."  Archives  of  Ophth.  32:465. 

36.  Grafflin,  A.  and  Bagley  E.  H.  (1953)  "Studies 
of  Peripheral  Vascular  Beds".  Bull.  Johns 
Hopkins  Hospital  92:47. 

37.  Grafflin,  A.  and  Corddry,  E.  (1953)  "Studies 
of  Peripheral  Blood  Vascular  Beds  in  Bulbar 
Conjunctiva  of  Man."  Bull.  Johns  Hopkins 
Hospital  93:275. 


-  K  - 


(8<2Gr)  .H  ,ao;#ivsG-JLCiJt'v  xme.  0  bnf>  ,1*  %Xes^ia 

.>AC  ni  r->Jt:tc.9pnoD 
' 


[Orv  y  .  ,  -  •  •,  *  'IS  ■•[  r  S  ift  .r  ft 

.  avJ  I:  .  ;  i  n'  p.-.  D  •  '  L  ■  .  '  \  . '  i  .j ,: 

.CO-  : t-  mejt'Q 


>  ID  U  -r  1?  -  .  ...Q 

3.1 9839V  booIS  i»IlBina  ..dd  pn  bodisM 

•  >  .  « '  •  ,  ■■  v.  ■  :  0  «  <• 

.  ?■  I  I  .)  r-dy.il  *?ri  •  r ' r-  -  f  ~x. 


(Id(?I  ix  W9i8  txS  % net  13-91(1  I 
.  iioiqni.  >i  .  FI  ,n<  bnoJ  I  .  Ic  V  "  vpoloir.  r srf.  \q  0 

- 

I  *  T :  .8  ;  v  .*  ?  ■'  uJ  ■  x-  »  •  >x  M  n 

" 

•  '  -L-  £  ...  s.;-,  ;  }_x  •  . .  i>z  x\ 


■  ■  *  -  ;>■  .  i  *J .)  .c  .  to  rt*jr. 

. 


.  :  ■  •  •  -  ' 

■ 

- 


.*£ 


75 


38.  Handelsman,  M. ,  Morrione,  T.,  Ghitman,  B. , 

"Skin  Vascular  Alterations  in  Diabetes 
Mellitus."  Arch.  Int,  Med,  110:70. 

39.  Hintz,  R„,  and  Merz,  M.  (1964)  "Conjunctival 
Blood  Vessels  in  Diabetes  Mellitus".  Pol.  Arch. 

Med.  Wewnet.  34:1323. 

40.  Hoel,  P.  ,  (1962)  "Elementary  Statistics" 

John  Wiley  &  Sons  Inc. 

41.  Jorgenson,  M.  B.  (1961)  "The  Inner  Ear  in 
Diabetes  Mellitus".  Arch.  Otolarynq.  74:373. 

42.  Kunitomo,  N.  (1954)  "Biomicroscopic  Picture 
of  the  Human  Conjunctival  Vessels."  XVII 
Concilium  Ophthalmologicum  Canada  -  U.S.A. 

page  305. 

43.  Landau,  J.  and  Davis,  E.  (1960)  "The  Small 
Blood  Vessels  of  the  Conjunctiva  and  Nailbed 
in  Arteriosclerosis".  Anqioloqy  11:173. 

44.  Lazarow,  N.  (1963)  "Basement  Membrane  Changes 
in  Blood  Vessels  of  Skin,  Muscle  and  Mammary 
Gland."  Diabetes  12:180 

45.  Lee,  R.  E.  and  Holze,  E . A.  (1950)  "The  Peripheral 
Vascular  System  in  the  Bulbar  Conjunctiva  of 
Young  Normotensive  Adults  at  Rest."  J.  Clin. 

Invest.  29:146. 

46.  Lundbaek,  K.  (1954)  "Diabetic  Angiopathy." 

Lancet  1:377 

47.  Lutz,  B.  R.  and  Fulton,  G.  P.  (1954)  "The 
Use  of  the  Hamster  Cheek  Pouch  for  the  Study 
of  Vascular  Changes  at  the  Microscopic  Level." 

Anat.  Record.  120:293. 

48.  McCulloch,  C.  and  Pashby,  T.  J.  (1950)  "The 
Significance  of  Conjunctival  Microaneurysms 
in  Diabetics,"  Br.  Journal  Ophth.  34:495 

49.  Megibow,  R.,  Megibow,  S.,  Pollack,  H.,  Bookman, J., 
Osserman,  K.  (1953) .  "The  Mechanism  of  Occlusive 
Peripheral  Vascular  Sclerosis  in  Diabetes  Mellitus." 
Am.  Journal  of  Med.  15:322. 

50.  Meighan,  S.  S.  (1956)  "Blood  Vessels  of  the 
Bulbar  Conjunctiva  in  Man."  Br.  J.  Ophth.  40:513. 


-  C  4 


a e. -fed  lJ  n  .  a>-i 'b  v.v  ^a  aslu  ?  <v  n  18“ 
.OC:OII  jbql  _.jJo\iA  "  .  30*11  IsM 

r  sv  .^on.- inoD"  (*d<P.)  *M  sSveK  *>n. ;  .A  »r- *r  £H  .Q€ 

Si..,;  1  „  \,.  ..--V  • 

a.  i»1i» »— .1.  »  -*'1  -— »■  —.111  ■  II  I  nan 

r>  •;'»■  jS  4  *»IiW  nrfofc 

ni  7:..  .?  ;r  &<?'  (,id^  ij  .  .M  vn-c  .woicL  .  Ik 

.  ’  f  £  :  ,  2 nv  :.5 .  xl l-  «m s  •  •  "*  ■  X oi •  •  X 9d  sx<I 

■ 

'  .alt-.  boV  X*  /i  >m  t.noO  xu-m/H  orfi  to 

•  i\  -.v.  < .  *:  .71LO,..  :  X  <  •  :  J  .  fiTi  :tO  nut  s  ‘  X,  lOO 

I*-srS3  " k ■ 1 11  :  08  i )  .3  %a.  vbG  Jons  .1  j  fibnsJ  .  k 
bodi  ±sl3  )ut"  £ /X  r^ru/tnoD  »r  X  :o  slsaeaV  bool  cl 

.  “axaOTioIoao  ;  is^tA  nx 

*:9pj  Bfft'  •<  '  19]  ;  Jnor.AS;  H‘  (£■><?'.)  ,M  \  r  T:.~S ;.  I 

081  tS I  39XXji  ia  M  e bn  si O 

3o  ;.v i  xont/ tno' :  i&diuQ  eril  n.c  ifilutasV 

r  u  .*  te;l  X  .  •-  i  a\ :  :.?» tom*xoM  n-  .  o\" 

.•  nr  •  ixoan  iX  k  JCT'  {-cST)  i^scCfcru/.  •:  d£ 

VT£;I 

onT “  .  xei)  q  .O  %nolXi/i  br,n  .  H  .0  ,s*oJ 

•  .12  ri.:  "1x3;  rfouoq  >;^9d0  •  -  -anfisH  rrf*  o  981 
•  Xevej  a  •  qoDBOXDiM  e/il  i  ..  ?..  a  iflj&rfO  “iB.fiLroa  V  \g 

LQl  .  '"1 1  ..  i  o  . q  *;«6n;. 


'  3  ?i)  .3  •  ■  %V': '  .b  .0  vdoo..L'.nJ.>H 

•  -~ot  M  •  •  rj  .  .  •  rto  ac^so;  ti.  ,_xc: 

-A :  -  '•  *n  Xla>,  J  ;  r.  <8  "  xaoii9di id  nx 

-a:'  .'x-o  :c  to»rfr-oM  s:{-T •'  .  ( 'c  X)  .  4  %nsni*i»aaO 

.  i  X  *  •  •  (  _  V  _  3o  i  '  A 

A  Ax  ■■  a  »a;  ^  CU  (d€fc'I)  ,8  ,3 

■  ••  • '  . •  - •  •  .  • .  "  •  ■  ti  1  *viA t  a>  ?  « wi/8 


.8^ 


76 


51.  Moller,  F.  B„  Gronbaek,  P.,  Rostgaard,  J. ,  (1963) 

"Light  Microscopic  Study  of  Gastrointestinal 
Tract  and  Skin  Capillaries  in  Diabetes  Mellitus." 
Diabetes  12:429 

52.  Moore,  Ja  A.,  Frew,  I.  Da  (1965)  "Peripheral 
Vascular  Lesions  in  Diabetes  Mellitus." 

B.  M.  Jo  2:19. 

53.  Newill,  V.  A.  (1964)  in  "Diabetes  Mellitus: 
Diagnosis  and  Treatment".  American  Diabetes 
Association.  Page  12. 

54.  Ruedemann,  A.  D.  (1933)  -  "The  Conjunctival 
Vessels"  J.A.M.A.  101:1478. 

55.  Sabour,  M.  S.,  MacDonald,  M.  K. ,  Robson,  J.  S.  (1962) 
"An  Electron  Microscopic  Study  of  the  Human 
Kidney  in  Young  Diabetics  with  Normal  Renal 
Function."  Diabetes  11:291. 

56.  Toussaint,  D. ,  Dustin,  P.  (1963).  "Electron 
Microscopy  of  Normal  and  Diabetic  Retinal 
Capillaries"  Arch.  Ophth.  11:1. 

57.  Webb,  R.  L.,  and  Nicol,  P.  A.  (1954)  "The  Bat 
Wing  as  a  Subject  for  Studies  in  Homeostasis  of 
Capillary  Beds."  Anat.  Record  120:253. 

58.  Weinstein,  P.  and  Forgacs,  J.  (1951)  "Conjunctival 
Angioscopy. "  Br.  J.  Ophth.  35:479. 

59.  Wolff,  E.  (1961)  "Anatomy  of  the  Eye  and  Orbit." 
Fifth  Edition.  H.  K.  Lewis,  &  Co., 

60.  Woltmann,  H.  W.,  Wilder,  R.  M. ,  (1929)  "Diabetes 

Mellitus:  Pathological  Changes  in  Spinal  Cord 

and  Peripheral  Nerves."  Arch,  Int.  Medicine. 

44:576.  ' 

61.  Yamashita,  T„  and  Rosen,  D.  A.  (1960)  "Electron 
Microscopic  Study  of  Diabetic  Capillary  Aneurysms". 
Arch.  Ophthalmology  67:785. 

62.  Yamashita,  T.  and  Becker,  B.  (1961)  "The  Basement 
Membrane  in  the  Human  Diabetic  Eye, "  Diabetes 
10:167. 

63.  Zachs,  S.  J.,  Peques,  J.  J.,  Elliot,  F.  A. 

(1962)  "Interstitial  Muscle  Capillaries  in 
Patients  with  Diabetes  Mellitus:  A  Light  and 
Electron  Microscopic  Study."  Metabolism  11:381. 


(odd)  *  L  ,  is.  p.laoH  ,  d  ••  l  d  . loiloM 

l;,rti  taslnloiias-.  i<  yf  mif  ^  qo-peoidlM  IffplJ" 

M  ♦auroxlIeM  aladsxa  m  sell  I  . XqsO  alx3  6ns  .tOf  'iT 

<-'  (-  SI  LCz.  /  •;»  •  ,  . 

Ifiupfiql'i?^"  >3691)  G  ,  r.  *  ./.  .1  %?aooM 

".ai/jilleM  89^sd6ia  ru  sm.  •  .  asV 

.e  :  £  ,m  -g 

:  sud  1.1  i'H  aB Jodi  LG  \  ■'  •>€ 

»SI  .fig  f  -iX.  i.DQ83A 

r>r.  •.  n.  .  .!i)  I  ,  "  '  ,r^ 

,p;^!  i  •:  .  •'  .M.A.t,  •  sV 

r.  ?  r)  .<  ,  v  %  loadc  •  c  nnoao^yi  %  3  ♦*<  *:urc*.aB 

nsmixll  3dJ  ~  *pu.:x  :  iqooaoxoiM  no:;  '->3 1  :•'  iA" 
IfinaJS  IsrnnoH  rf-tiw  |oli§c(AJt0  pnuoY  ni  Y9nbi3! 

,K  ; :  -  sic 

i  i  ■  "  .  (Cd<I)  .<*  vnx  am  *  „(I  ^nl^aac/cT 

.1:11  .rfjrlqO  rOgl.  "eel  sIIlqsD 
x.  a  3ifTn  (>eei)  . a  j  ns  ,.j  .h  %dd©Vi 

o  r-,X8Sd809niot!  n  *  r  3  bi r  1  oi  Joaidx/B  &  a  >  (}xiW 
.ees.osi  £  IO  :  .  ..3oA  ‘OebdS  yxs  Clxq  O 

If  vx  ..ixr  fioO"  (  ee  )  .L  ,8069^01  bns  ,3  .nijdar  w 

.er^;c  :  ,  -xiqQ  .  ,i  ‘  .yc  x>80ipnA 

. 

%.oD  %a.iv7©J  .X  .rsoldJtbS  rfd  >  rl 

(<'29  0  ,.M  .5?  v  ?p5IxW  -i.W  .H  .nn  sm  XoW 
h  :  line  nx  !©r  •  'i-!  If  xipolc. i:  xq  jaui/IlaM 
■■  ,  mi  ./  • '  ■  >  -A  Cj  ptiq-v.i  Ois 

.3VS;** 

no- 1-9,'  •»  (Odtl)  .A  .a  * fioa oH  bn  ?  „T  .sdxrfasmsY 

•earn'd  *j  >ol  < .  ml  •• .  x iq  0_  >rfpi;A 

69.1  a  :  X  nix  r  -i  U  nx  Bi'i&rsdf  >M 

.  oo,  -.oi 

.  ,  ^  %  ,ii  ra  --■■•*  i  ,  -  .2  ■  •  '•! 

1 

■ 

.IfO  :  LI  mi-  ou:-  '^  ‘O  O  p  iqo  •  .c  i  ‘iM  m  licdXS 


77 


64.  Zweifach,  B.  W.  (1954)  "Direct  Observations  of 
the  Mesenteric  Circulation  In  Experimental 
Animals."  Anat.  Record  120:277. 


•3  '*«  ••  '  -  .W  .  ,rf3i  JlswS  .*d 


■  /siuaiiD  3ii«dj,9g6K  erfi 


Irxoo  -A  ,3sn A  •  alsnJaiA 


. 


. 


APPENDIX  A 


STATISTICAL  TREATMENT 


TT-13MTAS8T  JADIT8ITA13 


' 


78 


Distribution  of  the  Difference  between  two  Sample -Means : 

(3,40) 

i— 1 1.  i .  i 

Consider  two  populations  X  and  Y.  If  all  possible 
samples  of  n  variates  were  drawn  from  each  populatidn, 
we  would  get  a  group  of  sample  means  for  each  population 

which  might  be  represented  X2 ,  X3,  X4,  . Xn 

for  the  first  population  and  Y2/  Y3,  Y4,  . Yn 

for  the  second  population. 

If  n  exceeds  30,  the  means  of  all  the  samples 
from  each  population  will  have  normal  frequency- 
distribution  curves  with  standard  deviations.  The 
difference  between  sample  means  may  be  measured  using 
an  expression  called: 

The  Standard  Error  of  the  Difference  Between  Means 
and  is  given  by  the  formula: 

=  \/<Tx  ^ 

x  -  y  \|  nx  ny 

If  the  difference  between  two  sample  means  is 
greater  than  two  times  the  standard  error  derived 
from  the  above  formula,  then  the  differences 

:-y;  ?  - 

are  significant,  probably  not  arising  by  chance. 

Since  the  sample  number  of  the  Diabetic  population 
was  57  and  that  of  the  Non-Diabetic  population  was  66 
(both  numbers  well  over  30) ,  it  was  decided  that 
the  Standard  Error  of  the  Differences  of  the  Means 


be  employed  to  compare  differences  of  sample  means: 
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(1)  Between  mean  arteriolar  cross-sectional 
areas  of  conjunctival  arterioles  sampled 
in  Diabetic  and  Non-Diabetic  populations. 

(2)  Between  mean  venular  cross-sectional  areas 
of  conjunctival  venules  sampled  in  Diabetic 
and  Non-Diabetic  populations. 

(3)  Between  V/A  ratios  of  conjunctival 
vessel  pairs  in  Diabetic  and  Non-Diabetic 
populations. 

The  calculations  on  the  following  three  pages 
illustrate  the  three  comparisons  which  were  performed 


as  outlined  above. 
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CROSS-SECTIONAL  AREA  OF  ARTERIOLES: 


Non-Diabetics  (Table  XVIII)  Diabetics  (Table  XIX) 


x  =  0.641 


(5~  x  =  0. 2210 


nx  ”  66 


y  =  0.699 
y  =  0 . 2255 


ny  =  57 


Difference  of  the  means  =  0.058 


^  x  -  y  = 


2  2 
x  +y 


n*  n. 


2  2 
(0.221)  +  (0.226) 

66  57 


.0016 


040 


Now  z  =  x  -  y 


<r 


.058 

.  040 


=  1.45  (A  =  .4265) 

P  =  .1470 

This  figure  is  not  significant  when  P  =  .05  is 
taken  as  the  level  of  significance. 
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CROSS-SECTIONAL  AREA  OF  VENULES 

Non-Diabetics  (Table  XX)  Diabetics  (Table  XXI) 


X  = 

1.269 

y  = 

1.345 

x  = 

0.2736 

<yy  = 

0.2803 

nx  = 

66 

n  = 

V 

57 

y 


Difference  of  means  =  0.076 


6^  x  -  y 


Now  z 


P 


2  +  2 
\  <£X_  olX_ 

\  nx  ny 

,  (0.274) 2  + 

T~ 

(0.280) 

\  66 

57 

.0025 


0.050 


x  -  Y 

<r 

0.076 

0.050 

1.52  (A  =  .4357 


.1286 


This  figure  is  not  significant  when  P  =  .05  is 


taken  as  the  level  of  significance. 
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V/A  RATIOS  OF  CONJUNCTIVAL  VESSEL  PAIRS: 


Non-Diabetics  (Table  XXII)  Diabetics  (Table  XXIII) 


X  = 

1.628 

y 

=  1.643 

o'  x  = 

0.292 

&Y 

=  0.274 

nx 

=  66 

n 

V 

=  57 

y 


Difference  of  means  =  0.015 


(0.292)  2  +  (0.274)  2 

66  57 


.0026 

.051 


Now  z  =  x  -  y 

S' 

=  0.015 

0.051 

=  0.29  (A  =  .1141) 

P  =  .7718 

This  figure  is  not  significant  when  P  =  .05  is  taken  as 

the  level  of  significance. 
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The  Wilcoxon  Test  for  the  Paired  Case :  (3) 

The  Wilcoxon  Test  has  been  found  to  be  a 
very  efficient  type  of  non-par ametric  method  analysis. 
This  was  the  test  chosen  to  determine  whether  any 
significant  difference  existed  between  two  V/A  ratios 
in  the  same  person. 

In  this  test  the  differences,  D  for  each 
pair  are  calculated  and  their  absolute  values  ranked 
in  order  of  increasing  size.  The  ranks  are  then 
grouped  into  two  categories,  either  positive  or 
negative.  Theoretically  the  total  of  the  ranks 
corresponding  to  positive  and  negative  values  should 
be  about  the  same.  If,  howeve^  the  total  of  the  ranks 
corresponding  to  one  sign  is  appreciably  less 
than  that  corresponding  to  the  other,  then,  under  the 
hypothesis  of  equal  population  means,  the  probability 
of  obtaining  by  chance  alone  a  sum  of  ranks  less  than 
or  eqqal  to  W1  is  calculated,  W1  being  the  smaller 
of  the  rank  totals. 

The  probability  of  getting  any  given  sequence 
of  signs  for  the  difference  of  n  pairs  is  given  by 
the  expression: 

P  =  (1/2) n 
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We  then  determine  the  probability  of  obtaining 
among  all  possible  sums  of  ranks,  one  which  is  less 
than  or  equal  to  This  probability  is  represented 

by: 


(W  -  n) 

The  value  for  this  expression  is  derived  from 
special  Wilcoxon  tables. 

Combining  the  two  above  expressions,  the  pro¬ 
bability  of  obtaining  a  sum  of  ranks  less  than  or 
equal  to  (the  smaller  of  the  rank  totals)  is: 

P  =  (h)n  x  (W  -  n) 

Since  we  are  using  a  two-tailed  test  this  is  multiplied 
by  two: 

P  =  2  x  (%)n  x  (W1  -  n) 

Tables  IX  and  X  list  the  calculations  used  to  determine 
the  probability  of  rank  sum  differences  for  Twenty 
Diabetic  subjects  who  had  two  vessel  pairs  in  their 
conjunctival  photographs. 
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SUBJECT 


TABLE  IX 

V/A  RATIOS  OF  TWO  VESSEL  PAIRS  IN  THE  SAME  INDIVIDUAL 
SHOWING  THE  DIFFERENCE ,  EITHER  POSITIVE  OR  NEGATIVE , 
BETWEEN  THE  TWO  RATIOS  IN  DIABETICS. 


PAIR 


R- 


D  =  <R1  -  V 


1 

5.026 

7.227 

.  ■  - —  -  ■  ■  -  ■  - - - 

-2.201 

2 

3.889 

5.531 

-1.642 

3 

8.000 

6.809 

+1.191 

4 

1.056 

6.087 

-5.031 

5 

1.577 

2.726 

-1.149 

6 

3.058 

6.703 

-3.645 

7 

3.086 

4.028 

-0.942 

8 

9.515 

5.370 

+4.145 

9 

2.959 

6.167 

-3.208 

10 

7.350 

11.889 

-4.539 

11 

2.097 

5.371 

-3.274 

12 

1.317 

3.500 

-2.183 

13 

5.220 

4.815 

+0.405 

14 

6.744 

11.657 

-4.913 

15 

3.814 

2.350 

+1.464 

16 

5.096 

7.593 

-2.497 

17 

3.302 

2.103 

+1.199 

18 

1.857 

3.114 

-1.257 

19 

13.692 

11.034 

+2.658 

20 

13.022 

15.225 

-2.203 
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TABLE  X 


RANKING  OF  D  =  (R1  -  R2)  FOR  DIABETIC  PAIRS 


Wx  (+)  1+4+5+7+13  +17  =£7 

W2  (-)  2  +  3  +  6  +  8  +  9  +  10  +  11  +  12  +  14  + 

15  +  16  +  18  +  19  +  20  =  163 

The  Probability  of  obtaining  a  sum  of  ranks  less 
than  or  equal  to  47  is  given  by: 

P  =  2  x  (W1  -  n)  x  (^)n 

=  2  x  (15,506  /  1,048,576) 

=  .015  x  2 
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If  (W^  -  n)  is  greater  than  30  (the  limit 
of  the  Wilcoxon  tables)  then  an  alternative 
method  must  be  applied.  For  large  n,  (the 
smaller  of  the  rank  totals)  satisfies  an 
approximately  normal  distribution  with  mean: 

m  =  n (n+1) 

4 

and  standard  deviation: 


V- 


n(n+l)  (2n  +1) 

24 


Tables  XI  and  XII  show  the  calculations 
used  to  determine  the  probability  of  rank  sum 
differences  for  Twenty-two  Non-diabetic  subjects 
who  had  two  vessel  pairs  in  their  conjunctival 
photographs. 
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TABLE  XI 


V/A  RATIOS  OF  TWO  VESSEL  PAIRS  IN  THE  SAME 
INDIVIDUAL  SHOWING  THE  DIFFERENCE,  EITHER 
POSITIVE  OR  NEGATIVE,  BETWEEN  THE  TWO  RATIOS 

IN  NON-DIABETICS 


r— 1 

R 

2 

d 

ll 

4.000 

1.070 

+2.930 

4.670 

9.750 

-5.080 

2.587 

5.381 

-2.794 

10.118 

4.117 

+6.001 

3.479 

2.966 

+0.513 

6.317 

5.264 

+1.053 

1.145 

3.485 

-2.340 

8.  290 

5.354 

+2.936 

6.680 

6.786 

-0.106 

4.953 

3.016 

+1.937 

13.692 

4.854 

+8.838 

6.692 

12.643 

-5.951 

2.203 

2.586 

-0.383 

3.015 

3.023 

-0.008 

2.548 

2.103 

+0.445 

2.617 

3.024 

-0.407 

2.626 

2.450 

+0.176 

8.805 

4.159 

+4.646 

5.708 

2.350 

+3.358 

3.690 

4.043 

-0.353 

3.266 

2.178 

+1.088 

9.816 

5.614 

+4.202 
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TABLE  XII 


RANKING  OF  D  =  (R1  -  R^  FOR  NON-DIABETIC. 


1 

-0.008 

12 

-2.340 

2 

-0.106 

13 

-2.794 

3 

+0.176 

14 

+2.930 

4 

-0.353 

15 

+2.936 

5 

-0.383 

16 

+3.358 

6 

-0.407 

17 

+4.202 

7 

+0.445 

18 

+4 . 646 

8 

+0.513 

19 

-5.080 

9 

+1.053 

20 

-5.951 

10 

+1.088 

21 

+6.001 

11 

+1.937 

22 

+8.838 

wi 

(-) 

1 

+ 

2 

+  4+5 

+ 

6+12+13+19 

=  82 

W2 

(+) 

3 

+ 

7 

+  8+9 

+ 

10  +  11  +  14  +  15 

+ 

17 

+ 

18  +  21 

+ 

22  =  171 

W1 

has 

a 

normal  distribution  with  mean: 

m  =  n(n+l) 

4 

=  22  x  23 


PAIRS 


20 

+  16 


4 


126.5 


-  £8 


3HIAq  OXTaSAICT-tfOW  flO1*  -  XA)  »  C  *  An 


OS  -  :■■  1  -  il  4  £j  •  a  +  .  ■>■  -{  (~) 

U  -  £  +  IS  il  4  VI  + 

■ 

:xiB€Mn  rf:  tw  n<  lit  li  ?.  t  >  Isimon  f  -  I 

;  -■  '  )  •  :  r  1 


cr/  w 


=  V 

■  \t 


n (n+1)  (2n+l) 

24 


22  x  23  x  45 

24 


=  30.8 

So  that  the  probability  of  finding  a  sum  of 
ranks  less  than  or  equal  to  82  is  the  area 
under  the  normal  probability  curve  to  the 
left  of : 

z  =  82  -  126.5 

30.8 

=  1.45 


Thus  the  probability  p  =  2  x  .0735 


.1470 
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APPENDIX  B 


CALCULATION  OF  MAGNIFICATION 
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Rather  than  attempt  to  work  out,  using  complex 
mathematical  formulae,  the  effective  optical  magnifi¬ 
cation  that  was  being  obtained  with  the  optical  system 
used,  a  graticle  of  known  dimensions  (the  counting 
chamber  of  a  hemacytometer)  was  photographed  and 
subsequently  measured.  (Fig.  XXV) 

Three  magnifications  were  desired: 

(1)  The  resultant  magnification  obtained 
directly  on  the  negative. 

(2)  The  magnification  obtained  when  the 
negative  was  projected  on  to  a 
screen  five  feet  away  from  the  slide. 

(3)  The  magnification  obtained  on  the 
4"x  5"  prints  used  in  this  thesis. 

Calculation  of  Maqif ications : 

Since  the  graticle  photographed  was  of  a  known 
dimension  viz.  one  millimetre.  The  magnifications 
could  easily  be  obtained  by  measuring  the  length  of 
this  graticle  on  the  negatives  and  prints  and  forming 
a  ratio  with  1  mm  as  the  denominator. 
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FIGURE  XXV 

ACTUAL  PHOTOGRAPH  OF  GRATICLE  USED  FOR  MAKING 
ESTIMATIONS  OF  ACTUAL  OCULAR  MAGNIFICATION 
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(1)  -  Magnification  obtained  on  negative: 

Length  of  graticle  on  neg.  =  10  mm. 
True  length  graticle  =  1  mm. 
Magnification  =  10:1 


(2)  -  Magnification  obtained  with  projected  negative: 


Length  of  graticle  on  projected 

negative  =  100  mm. 


True  length  graticle 
Magnification 


1  mm. 
100:1 
lOOx 


( 3 )  -  Magnification  obtained  on  prints  in  thesis : 
Length  of  graticle  on  print  =  43  mm. 

True  length  graticle  =  1  mm. 

Magnification  =  43:1 
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APPENDIX  C 


CALCULATION  OF  MEASUREMENT  PRECISION 
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The  precision  of  the  observer's  measurements 
was  determined  by  taking  ten  measurements  of  the 
same  venule  and  the  same  arteriole  each  day  for 
ten  days.  Measurements  of  the  previous  day  were 
forgotten  and  were  kept  unseen  from  one  day  to 
the  next  (Table  XIII) . 

At  the  end  of  ten  days,  the  means  of 
the  ten  sets  of  measurements  were  pooled 
together  and  the  mean  and  standard  deviation  was 
determined  for  the  ten  measurements  on  the  venule 
and  the  ten  measurements  of  the  arteriole  (Table  XIII) . 

The  Standard  Deviation  for  the  ten  measurements 
on  the  venule  was  .018?  that  for  the  arterioles  was 
.019.  Since  these  values  are  very  small,  we  get 
some  idea  of  the  small  amount  of  variation  from 
one  measurement  to  another. 

It  is  important  to  have  some  idea  of  the 
accuracy  of  one's  measurements  when  lists  of 
measurements  are  being  presented. 
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TABLE  XIII 


MEAN  OF  TEN  MEASUREMENTS  OF  THE  SAME  VENULAR  AND 
ARTERIOLAR  DIAMETERS,  PERFORMED  DAILY  FOR  TEN  DAYS. 


Mean  Venule  Mean  Arteriole 


Diameter 

Day 

Diameter 

2.36 

1 

1.03 

2.35 

2 

.  1.07 

2.32 

3 

1.07 

2.35 

4 

1.05 

2.33 

5 

1.06 

2.37 

6 

1.07 

2.33 

7 

1.07 

2.37 

8 

1.10 

2.33 

9 

1.06 

2.36 

10 

1.08 

2.35 

Mean 

1.07 

2.32-2.37 

Range 

1.03-1.10 

.018 

S.D. 

.019 

Where  S.D 


(X  -  X) 

n-1 
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